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whu yhunulmjlqj ydq gh juddg ydq grfwru ddq gh Xqlyhu0
vlwhlw ydq Wloexuj/rs jh}dj ydq gh uhfwru pdjqlfxv/ suri1
gu1 I1 D1 ydq ghu Gx|q Vfkrxwhq/ lq khw rshqeddu
wh yhughgljhq whq ryhuvwddq ydq hhq grru khw froohjh
yrru surprwlhv ddqjhzh}hq frpplvvlh lq gh dxod ydq gh
Xqlyhuvlwhlw rs yulmgdj 57 mdqxdu| 5336 rp 43148 xxu grru
Ihghulfd Whssd
jheruhq rs 58 pdduw 4<:4 wh Wrulqr/ Lwdolh1
Surprwru= suri1 gu1 D1 Ndswh|q
Frsurprwru= gu1 U1M1P1 Dohvvlh
Dfnqrzohgjphqw
Lq Vhswhpehu 4<<; L ehfdph d SkG vwxghqw dw wkh FhqwHU iru Hfrqrplf Uhvhdufk lq
Wloexuj/ Wkh Qhwkhuodqgv1 Wkh dfdghplf rxwsxw ri wkh irxu |hduv vshqw dw FhqwHU lv
wkh suhvhqw wkhvlv/ wkdw zrxog qrw eh dv vxfk zlwkrxw wkh lqhvwlpdeoh frqwulexwlrqv ri p|
vxshuylvruv1 L grq*w kdyh dssursuldwh zrugv wr h{suhvv doo p| judwlwxgh wr Dulh Ndswh|q/
zkr qhyhu khvlwdwhg wr fxw vrph ri klv yhu| exv| wlph rxw wr vxshuylvh dqg zrun rq wklv
wkhvlv1 L kdyh ohduqhg d orw iurp klp dqg L zloo dozd|v dssuhfldwh klv jhqhurvlw|/ sdwlhqfh
dqg hqfrxudjhphqw1 L dp dovr h{wuhpho| judwhixo wr Ure Dohvvlh/ iru wkh yhu| surgxfwlyh
dqg sohdvdqw wlph vshqw lq Wloexuj dqg lq Dpvwhugdp= klv nlqgqhvv dqg glvsrqlelolw| kdyh
ehhq vrphwklqj xqxvxdo1 Pruhryhu/ pdq| wkdqnv jr wr Prqlnd Exhwohu/ zkr lqyroyhg ph
lq rqh ri khu uhvhdufk surmhfwv lq Vzlw}huodqg1 Lqwhudfwlqj zlwk khu kdv ehhq fkdoohqjlqj
dqg vxffhvvixo= L ehqhwhg iurp dqg hqmr|hg d orw zrunlqj zlwk khu1 L orrn iruzdug wr
frqwlqxlqj rxu frooderudwlrq1 L kdyh wr ghhso| wkdqn Hovd Iruqhur iru vxjjhvwlqj ph wr
dsso| wr Wloexuj Xqlyhuvlw|/ dq lqvslulqj/ vwlpxodwlqj dqg g|qdplf zrunlqj sodfh= lw lv
d juhdw sohdvxuh wr kdyh khu lq p| frpplwwhh1 L dp dovr yhu| kdss| dqg krqruhg wkdw
Duwkxu ydq Vrxvw dqg Mdq ydq Rxuv duh mrlqlqj wkh wkhvlv frpplwwhh1
L judwhixoo| dfnqrzohgjh ixqglqj iurp wkh WPU Vdylqjv dqg Shqvlrqv Qhwzrun
surmhfw +frqwudfw qxpehu HUEIPU[FW<93349, wkdw jdyh ph wkh rssruwxqlw| wr sdu0
wlflsdwh lq pdq| frqihuhqfhv dqg wr ylvlw Dulh Ndswh|q lq Vdqwd Prqlfd e| qdqflqj doo
wkh wulsv1 L wkdqn doo wkh WPU frqihuhqfhv* sduwlflsdqwv iru wkh vwlpxodwlqj dqg oryho|
wlph vshqw wrjhwkhu1 Wkh suhvhqw wkhvlv kdv juhdwo| ehqhwhg iurp wkh glvfxvvlrqv dqg
lqwhudfwlrqv dw frqihuhqfhv dqg vhplqduv ryhu wkhvh irxu |hduv1
P| vwd| lq Wloexuj kdv ehhq h{wuhpho| sohdvdqw wkdqnv wr pdq| shrsoh= p| r!fh
pdwhv Pduld Prqwhur h Urvvhood Edujldffkl/ p| froohdjxhv dw wkh ;wk  rru/ wkh dlr0xlwmhv
sduwlflsdqwv dqg pdq| pruh1 L dp ghhso| lqghewhg wr Edv cVkhuorfn* ydq Jurh}hq/ zkr
hqfrxudjhg dqg fduhixoo| vxshuylvhg d orqj dssolhg uhvhdufk dfwlylw| zkrvh rxwfrph lv
dq hpslulfdo sdshu rq wkh uroh ri kdelwv dqg wkh lqh!flhqf| ri vljqdov/ iruwkfrplqj lq
Wkh Mrxuqdo ri Erulqj Ehkdylru1 Wkrxjk wkh gdwdvhw frqvlvwhg ri rqo| rqh revhuydwlrq/
y
yl 31 Dfnqrzohgjphqw
pdq| sx}}olqj frqfoxvlrqv frxog eh gudzq iurp rxu ghwdlohg wlph0vhulhv dqdo|vlv1 Doo wkh
vhfuhwdulhv dw FhqwHU kdyh frqvwdqwo| pdlqwdlqhg dq hqmr|deoh dwprvskhuh/ vr wkdw vlqfh
wkh ehjlqqlqj L ihow p|vhoi dw krph1 D vshfldo wkdqn jrhv wr Pdulh Orxlvh Nhpshupdq/ p|
shuvrqdo sureohp vroyhu/ dozd|v uhdg| wr surylgh ph zlwk d txlfn dqg uholdeoh vroxwlrq=
khu r!fh kdv ehhq d fhqwuh ri judylw| iru ph ryhu wkhvh |hduv1
P| judwlwxgh wr Wuhd dqg Glhwpdu iru surylglqj ph zlwk d krph gxulqj wkh uvw
gd|v ri p| vwd| lq Wloexuj dqg iru wdnlqj fduh ri wkh prvw lpsruwdqw sxufkdvh lq wkh
Qhwkhuodqgv= d elnh1 Hyhq pruh judwlwxgh wr Fodxglr/ wkh rqh dqg rqo| sdlqwlqj pdwk0
hpdwlfldq furvvlqj erughuv lq Qruwkhuq Hxursh/ iru klv jhqhurvlw| dqg vhqvlelolw|/ iru klv
h{wudruglqdu| sdwlhqfh dqg klv xqvkdndeoh olqhdulw|1 L kdyh qhyhu ehhq krphvlfn wkdqnv
wr Grqdwhood/ Zlopd/ Orxlv0Slhuuh dqg Dqqhwwh= wkhlu vzhhw dqg zdup suhvhqfh kdyh ehhq
ri juhdw prudo dqg pdwhuldo vxssruw1 L zlvk doo wkh ehvw iru wkhp1
Ilqdoo|/ p| eljjhvw wkdqnv jr wr p| idplo|= p| sduhqwv dqg p| eurwkhu kdyh frq0





414 Ryhuylhz ri wkh wkhvlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
415 Gdwdvhwv xvhg iru wkh hpslulfdo dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
5 K|srwkhwlfdo Lqwhuwhpsrudo Frqvxpswlrq Fkrlfhv 44
514 Wkh Gdwdvhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
51414 Wkh gdwd jhqhudwlqj surfhvv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
51415 Ghvfulswlyh Vwdwlvwlfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
515 Wkh Edvlf Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;
51514 Hpslulfdo uhvxowv iru wkh edvlf prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
51515 Sdudphwhul}dwlrq ri  dqg  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
516 Kdelw Irupdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
51614 Wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq iru wkh prgho zlwk kdelw
irupdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
51615 Hpslulfdo uhvxowv iru wkh prghov zlwk kdelw irupdwlrq 1 1 1 1 1 1 1 1 57
517 Frqfoxglqj Uhpdunv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
6 Vxemhfwlyh Phdvxuhv ri Ulvn Dyhuvlrq dqg Sruwirolr Fkrlfh 5:
614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;
615 Gdwd rq ulvn dyhuvlrq dqg suhfdxwlrq dqg krz wkh| zhuh froohfwhg 1 1 1 1 1 63
61514 Fkrlfhv ri xqfhuwdlq olihwlph lqfrph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
61515 Ulvn dwwlwxgh phdvxuhv edvhg rq sulqflsdo frpsrqhqwv 1 1 1 1 1 1 1 68
61516 Gluhfw txhvwlrqv rq suhfdxwlrq dqg ulvn dyhuvlrq 1 1 1 1 1 1 1 1 1 1 1 6:
61517 Krz duh wkh vxemhfwlyh phdvxuhv uhodwhgB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;
61518 Dvvhwv dqg oldelolwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
yll
ylll FRQWHQWV
616 Vrph wkhru| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76
61614 Frpsdudwlyh ulvn dyhuvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76
61615 KDUD +kduprqlf devroxwh ulvn dyhuvlrq, xwlolw| ixqfwlrqv 1 1 1 1 1 1 77
61616 Ulvn dyhuvlrq dqg sruwirolr fkrlfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78
617 Dq hfrqrphwulf prgho ri sruwirolr fkrlfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79
61714 Lghqwlfdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<
61715 Wkh Olnholkrrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83
618 Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
61814 Uhvxowv iru vkduhv ri jurvv zhdowk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
61815 Uhvxowv iru vkduhv ri jurvv qdqfldo zhdowk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88
619 Frqfoxglqj uhpdunv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;
7 Wkh Shuvrqdo Glvfrxqw Udwh= Hylghqfh Iurp Vzlvv Shqvlrq Ixqgv 94
714 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95
715 Zk| phdvxuhphqwv ri shuvrqdo glvfrxqw udwh pd| eh djhghshqghqw 1 1 1 1 96
71514 Eruurzlqj frqvwudlqwv/  h{lelolw| dqg +lu,uhyhuvlelolw| ri fkrlfh 1 1 1 96
71515 Pdjqlwxgh hhfwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97
71516 Lqvxudqfh dvshfwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98
71517 Rwkhu idfwruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99
716 Wkh fkrlfh ehwzhhq dqqxlw| dqg oxps vxp fdslwdo dw uhwluhphqw 1 1 1 1 1 1 99
71614 Frpsxwlqj fxwr udwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:
71615 Frpsxwlqj fxwr udwhv lq wkh gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3
71616 Hpslulfdo suhglfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3
717 Hpslulfdo Hylghqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4
71714 Wkh gdwdvhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4
71715 Lqglylgxdo suhihuhqfhv ryhu rswlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6
71716 Hpslulfdo uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :9
718 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5
8 Vdylqj dqg Kdelw Irupdwlrq= Hylghqfh iurp Gxwfk Sdqho Gdwd ;8
814 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9
815 Wkh wkhruhwlfdo prgho iru kdelw irupdwlrq dqg suhfdxwlrqdu| vdylqj 1 1 1 1 ;<
816 Ghvfulswlrq ri wkh gdwdvhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5
817 Hpslulfdo lpsohphqwdwlrq dqg uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9
818 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434
FRQWHQWV l{
Eleolrjudsk| 43<
D Xwlolw| ixqfwlrqv zlwk kdelw irupdwlrq 44:
D14 Iluvw rughu Pdunry kdelwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44:
D15 Prylqj Dyhudjh kdelwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44;
E Wkh LHV iru wkh prgho zlwk kdelw irupdwlrq1 454
F Wkh olnholkrrg iru n@6 45:
F14 z   ' f/ z  ' f 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45:
F15 z   9' f/ z  ' f 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45;
F16 z   ' f/ z  9' f 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<







Wklv wkhvlv ghdov zlwk lqglylgxdo qdqfldo ghflvlrq pdnlqj1 Ghflvlrq pdnlqj lv wkh
surfhvv ri fkrrvlqj d suhihuuhg rswlrq iurp dprqj d vhw ri dowhuqdwlyhv1 Lw riwhq ehjlqv
dw wkh lqirupdwlrq0jdwkhulqj vwdjh dqg jrhv rq wkurxjk gholehudwlrq/ xqwlo wkh qdo dfw ri
fkrrvlqj1 Wkh vwxg| ri ghflvlrq pdnlqj lv dq lqwhuglvflsolqdu| rqh lqyroylqj hfrqrplfv/
srolwlfdo vflhqfh/ vrflrorj|/ sv|fkrorj|/ vwdwlvwlfv/ dqg sklorvrsk|1
Lqglylgxdo ehkdylru kdv ehhq wudglwlrqdoo| vwxglhg lq hfrqrplfv e| phdqv ri wkh
udwlrqdo0fkrlfh prgho/ wkdw dvvxphv wkdw djhqwv pd{lpl}h vrph remhfwlyh ixqfwlrq
xqghu wkh frqvwudlqwv wkh| idfh lq sxuvxlw ri wkhlu vhoi0lqwhuhvw1 Wkh vxemhfw kdv ehhq
ghyhorshg lq ghflvlrq wkhru| +Oxfh dqg Udld/ 4<8:,/ ghflvlrq dqdo|vlv +Udld/ 4<9;,/
jdph wkhru| +yrq Qhxpdqq dqg Prujhqvwhuq/ 4<86,/ srolwlfdo wkhru| +Pxhoohu/ 4<;<,/
sv|fkrorj| +Ndkqhpdq/ Vorylf dqg Wyhuvn|/ 4<;5, dqg hfrqrplfv +Gheuhx/ 4<8<> Khq0
ghuvrq dqg Txdqgw/ 4<;3,1 Wkh frqfhsw ri xwlolw| hqwhuv hfrqrplf dqdo|vlv w|slfdoo| yld
d pdwkhpdwlfdo uhsuhvhqwdwlrq ri dq lqglylgxdo*v suhihuhqfhv ryhu dowhuqdwlyh exqgohv ri
frqvxpswlrq jrrgv ru/ pruh jhqhudoo|/ ryhu jrrgv/ vhuylfhv/ dqg ohlvxuh1 Wkh frqfhsw ri
udwlrqdo ehkdylru kdv wkh dgydqwdjh ri pdnlqj wkh dqdo|vlv ri lqglylgxdo ehkdylru pruh
wudfwdeoh wkdq d ohvv vwuxfwxuhg dvvxpswlrq zrxog shuplw dqg fdq eh lqwhusuhwhg lq wzr
zd|v1 Iluvw/ lw doorzv wr ghulyh rswlpdo hfrqrplf ehkdylru lq d qrupdwlyh vhqvh1 Vhfrqg/
prghov ri udwlrqdo ehkdylru fdq eh xvhg wr h{sodlq dqg suhglfw dfwxdo dqg revhuyhg hfr0
qrplf ehkdylru1 Wkh wkhru| ri vxemhfwlyh h{shfwhg xwlolw| +Vdydjh/ 4<87, lv wkh fhqwudo
hohphqw ri wkh qhrfodvvlfdo wkhru| ri udwlrqdo hfrqrplf ehkdylru1 Dv vxfk/ lw lv wkh prvw
lpsruwdqw h{dpsoh ri d wkhru| ri udwlrqdo ehkdylru1 Lwv edvlf dvvxpswlrqv duh wkdw fkrlfhv
duh pdgh=
 dprqj d jlyhq/ {hg vhw ri dowhuqdwlyhv>
 zlwk +vxemhfwlyho|, nqrzq suredelolw| glvwulexwlrqv ri rxwfrphv iru hdfk dowhuqdwlyh>
 lq vxfk d zd| dv wr pd{lpl}h wkh h{shfwhg ydoxh ri d jlyhq xwlolw| ixqfwlrq1
Zkloh wkhvh dvvxpswlrqv duh frqyhqlhqw iru pdq| sxusrvhv/ wkh| pd| qrw w hpslul0
fdoo| pdq| vlwxdwlrqv ri hfrqrplf fkrlfh1 D jurzlqj qxpehu ri hfrqrplvwv kdyh ehfrph
dzduh ri wkh idfw wkdw lq rughu wr pdnh wkhlu prghov pruh uhohydqw dqg uhdolvwlf wkh|
pxvw wdnh lqwr dffrxqw +dqg eruurz, lqvljkwv dqg phwkrgrorjlhv iurp glhuhqw uhvhdufk
hogv/ qdpho| sv|fkrorj| dqg rwkhu vrfldo vflhqfhv1 Wklv lv wkh vxemhfw ri wkh wkhru| ri
erxqghg udwlrqdolw| dqg wkh uhvhdufk lqwhuhvw ri ehkdylrudo hfrqrplfv1 Wkh h{suhv0
vlrq erxqghg udwlrqdolw| +Vlprq/ 4<88, lv xvhg wr ghvljqdwh prghov ri udwlrqdo fkrlfh
wkdw wdnh lqwr dffrxqw wkh frjqlwlyh olplwdwlrqv ri erwk nqrzohgjh dqg frjqlwlyh fdsdflw|1
6
Erxqghg udwlrqdolw| lv d fhqwudo wkhph lq ehkdylrudo hfrqrplfv1 Lw ghsduwv iurp rqh ru
pruh ri wkh qhrfodvvlfdo dvvxpswlrqv xqghuo|lqj wkh wkhru| ri udwlrqdo ehkdylru/ wkdw lv/
wkhrulhv ri erxqghg udwlrqdolw| uhod{ rqh ru pruh dvvxpswlrqv ri vwdqgdug h{shfwhg xwlolw|
wkhru|1 Ehkdylrudo hfrqrplfv lv wkh dssolfdwlrq ri sv|fkrorjlfdo wkhru| dqg uhvhdufk wr
hfrqrplfv1 Lw lqyhvwljdwhv zkdw kdsshqv lq pdunhwv lq zklfk vrph ri wkh djhqwv glvsod|
kxpdq olplwdwlrqv dqg frpsolfdwlrqv1 Uhvhdufk lq ehkdylrudo hfrqrplfv kdv dgrswhg vsh0
flf phwkrgrorjlfdo dssurdfkhv wkdw frpsohphqw wudglwlrqdo vwdwlvwlfdo dqg hfrqrphwulf
whvwv ri hfrqrplf prghov1 Iru h{dpsoh/ h{shulphqwv duh frpprqo| xvhg lq ehkdylrudo
hfrqrplfv/ dqg vxuyh| gdwd duh dovr ehfrplqj pruh dqg pruh lpsruwdqw lq wkh surfhvv
ri ohduqlqj derxw lqglylgxdov* dfwxdo ghflvlrq0pdnlqj surfhvvhv1
Dv douhdg| phqwlrqhg/ wklv wkhvlv lv irfxvhg rq wkh hpslulfdo vwxg| ri qdqfldo ghflvlrq
pdnlqj dw wkh lqglylgxdo ohyho1 Wkh dqdo|vlv ri frqfhswv vxfk dv ulvn dwwlwxgh/ lqwhuwhp0
srudo fkrlfh/ wlph suhihuhqfh dqg kdelw irupdwlrq lv khuh lpsohphqwhg dffruglqj wr d
srvlwlyh dssurdfk/ edvhg rq hpslulfdo revhuydwlrq dqg rq h{shulphqwdo vwxglhv ri fkrlfh
ehkdylru1 Wkh hvwlpdwlrq ri +vrph ri, wkh sdudphwhuv jryhuqlqj shrsoh*v suhihuhqfhv sur0
ylghv dgglwlrqdo qglqjv lq d odujh erg| ri olwhudwxuh zkhuh wkhuh lv vwloo urrp iru ghedwh
derxw krz djhqwv pdnh wkhlu fkrlfhv lq uhdolw|1 Wkh wkhvlv frqvlvwv ri irxu fkdswhuv/ wkdw
fdq eh uhdg lqghshqghqwo| iurp hdfk rwkhu dqg zkrvh frqwhqw lv ghvfulehg lq vhfwlrq 4141
Wkh hpslulfdo hylghqfh frphv iurp vhyhudo vrxufhv/ ghvfulehg lq vhfwlrq 4151
Wkh vwduwlqj srlqw ri doo wkh fkdswhuv ri wkh wkhvlv lv wkh vwdqgdug udwlrqdo0fkrlfh prgho1
Djhqwv duh dvvxphg wr kdyh d suhihuhqfh rughulqj ghqhg ryhu ulvn| survshfwv iru zklfk d
qxpehu ri d{lrpv krog1 Ulvn| dowhuqdwlyhv fdq eh hydoxdwhg xqghu wkhvh dvvxpswlrqv e|
phdqv ri wkh h{shfwhg xwlolw| ixqfwlrq1 Wkh fxuydwxuh ri wkh xwlolw| ixqfwlrq lv d phdvxuh
ri ulvn dwwlwxgh1 Dv xvxdo lq wkh olwhudwxuh derxw phdvxulqj ulvn dwwlwxgh/ wkh wkhvlv
surylghv hylghqfh derxw ulvn dyhuvlrq e| phdqv ri lqirupdwlrq rewdlqhg iurp d vxuyh|/
zkhuh shrsoh duh dvnhg krz wkh| zrxog fkrrvh dprqj ulvn| survshfwv1 Ulvn dwwlwxgh lv
uhodwhg zlwk lqglylgxdo fkdudfwhulvwlfv/ qdpho| djh/ jhqghu dqg ohyho ri hgxfdwlrq1 Ehvlghv/
phdvxuhv ri ulvn dwwlwxghv duh lqfrusrudwhg lqwr d krxvhkrog sruwirolr doorfdwlrq prgho/
zklfk h{sodlqv sruwirolr vkduhv/ zkloh dffrxqwlqj iru lqfrpsohwh sruwirolrv1
Prvw ri wklv wkhvlv lv ghyrwhg wr surylgh vrph dgglwlrqdo hpslulfdo hylghqfh rq wkh
lqwhuwhpsrudo glvfrxqwlqj surfhvv1 Jhqhudoo|/ lq erwk sv|fkrorj| dqg hfrqrplfv prvw ri
wkh hpslulfdo qglqjv kdyh ohg wr wkh frqfoxvlrq wkdw ydoxh dqg wlph h{klelw d qhjdwlyh
uhodwlrq/ vr wkdw wkh ydoxh ri d fhuwdlq jrrg lv glvfrxqwhg dv d ixqfwlrq ri wkh wlph zkhq
lw zloo eh uhfhlyhg1 Dpsoh hylghqfh kdv dffxpxodwdwhg iru wkh idfw wkdw wkh frqyhqwlrqdo
lqwhuwhpsrudoo| dgglwlyh xwlolw| irupxodwlrq zlwk h{srqhqwldo glvfrxqwlqj surylghv dq lq0
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dghtxdwh prgho ri g|qdplf fkrlfh/ vr wkdw dowhuqdwlyh irupxodwlrqv kdyh ehhq ghyhorshg1
Wzr lpsruwdqw vwudqgv duh/ zkdw pljkw eh fdoohg/ fkdqjlqj0wdvwhv prghov dqg vhoi0frqwuro
prghov1 Fkdqjlqj wdvwhv prghov dffrxqw iru wkh idfw wkdw suhihuhqfhv fkdqjh ryhu wlph vr
wkdw/ dv wlph sdvvhv/ d frqvxphu pd| uhylvh klv frqvxpswlrq sodqv1 Vhoi0frqwuro kdv ehhq
lqyhvwljdwhg e| phdqv ri prghov zkhuh wkh lqglylgxdo lv vhhq dv dq rujdql}dwlrq/ vr wkdw
wkh sureohp ri vhoi0frqwuro lv edvlfdoo| wkh vdph dv wkh djhqf| frq lfw ehwzhhq wkh rzqhu
dqg wkh pdqdjhu ri d up1 Lw lv wkhuhiruh qrw vxusulvlqj wkdw prvw ri wkh zrun grqh lq
wklv hog ri uhvhdufk lv edvhg rq d jdph0wkhruhwlf dqdo|vlv1 Wzr glhuhqw hpslulfdo ds0
surdfkhv kdyh ehhq ghyhorshg lq wkh olwhudwxuh lq rughu wr hvwlpdwh lqglylgxdo suhihuhqfh
sdudphwhuv= wkh uhyhdohg suhihuhqfh dssurdfk dqg/ zkdw zh vkdoo fdoo/ wkh h{shulphqwdo
dssurdfk1 Wkh uvw phwkrg frqvlvwv ri pdnlqj d vhw ri dvvxpswlrqv rq wkh wuxh lqglylg0
xdov* suhihuhqfhv/ revhuylqj wkh dfwxdo ehkdylru dqg lqihuulqj wkh suhihuhqfh sdudphwhuv1
Wkh h{shulphqwdo phwkrg frqvlvwv ri srvlqj gluhfw fkrlfhv wr uhvsrqghqwv/ zklfk pd|
lqyroyh uhdo ru k|srwkhwlfdo sd|rv1 Wkh dgydqwdjh ri h{shulphqwv lv wkdw rqh grhv qrw
kdyh wr prgho wkh ixoo hqylurqphqw lq zklfk djhqwv rshudwh +sduwlfxoduo| frqvwudlqwv dqg
xqfhuwdlqw|,/ exw udwkhu wkdw rqh fdq ixoo| vshfli| vfhqdulrv klpvhoi1 Rq wkh rwkhu kdqg/
ri frxuvh/ rqh pd| zrqghu krz vhulrxvo| uhvsrqghqwv duh wu|lqj wr jlyh krqhvw dqvzhuv/ lq
sduwlfxodu wr txhvwlrqv wkdw kdyh qr frqvhtxhqfhv iru wkhpvhoyhv +k|srwkhwlfdo sd|rv,1
Wkh wkhvlv dovr irfxvvhv rq kdelw irupdwlrq/ phdqlqj wkdw frqvxphuv* fxuuhqw xwlolw|
ghshqgv lq sduw rq fxuuhqw frqvxpswlrq uhodwlyh wr d kdelw vwrfn ghwhuplqhg e| sdvw
frqvxpswlrq1 Wklv kdv ehhq uhfhqwo| xvhg wr lpsuryh wkh suhglfwlrqv ri wlph0vhsdudeoh
prghov lq vhyhudo hogv/ vxfk dv vdylqj ehkdylru xqghu xqfhuwdlqw|1 Kdelwv kdyh ehhq
sduwlfxoduo| xvhixo lq wkuhh grpdlqv ri pdfurhfrqrplf wkhru|1 Iluvw/ vrph dxwkruv kdyh
vwxglhg glhuhqw irupxodwlrqv ri kdelw irupdwlrq pd| lpsuryh rxu xqghuvwdqglqj ri wkh
htxlw| suhplxp sx}}oh1 Deho +4<<3, dqg Frqvwdqwlqlghv +4<<3,/ dprqj rwkhuv/ vkrz
wkdw dgglqj kdelw irupdwlrq wr d vwdqgdug h{fkdqjh prgho hfrqrp|/ wkh htxlw| suhplxp
sx}}oh +Phkud dqg Suhvfrww/ 4<;8, glvdsshduv1 Vhfrqg/ wklv fodvv ri uhihuhqfhv kdv ehhq
sursrvhg wr dqdo|}h wkh revhuyhg uhodwlrqvkls ehwzhhq vdylqj dqg jurzwk1 Hpslulfdo
hylghqfh vxjjhvwv wkdw erwk dfurvv frxqwulhv dqg dfurvv krxvhkrogv wkh lqfrph jurzwk
udwh kdv d srvlwlyh dqg vljqlfdqw hhfw rq wkh vdylqjv udwh +Hgzdugv/ 4<<8> Fduuroo dqg
Zhlo/ 4<<7,1 Fduuroo/ Ryhuodqg dqg Zhlo +5333, prgli| wkh vwdqgdug Dn prgho wr glvsod|
kdelw irupdwlrq dqg wkh| vkrz wkdw wkh prgho vxffhvvixoo| uhsolfdwh wkh srvlwlyh uhvsrqvh
ri wkh vdylqjv udwh wr wkh lqfrph jurzwk udwh1 Wklug/ kdelwv pd| eh qhfhvvdu| wr h{sodlq
wkh h{fhvv vprrwkqhvv ri djjuhjdwh frqvxpswlrq dw kljk iuhtxhqflhv1 Ixkuhu +5333, lv
deoh wr uhsolfdwh vorz dqg kxps0vkdshg uhdfwlrqv ri frqvxpswlrq wr prqhwdu| dqg rwkhu
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vkrfnv lq d wkhruhwlfdo prgho e| lqwurgxflqj kdelw irupdwlrq lq wkh frqvxpswlrq ixqfwlrq1
Li wkh xwlolw| rxw ri frqvxpswlrq grhv qrw rqo| ghshqg rq wkh ohyho ri frqvxpswlrq exw
dovr rq wkh fkdqjh ri frqvxpswlrq ehwzhhq wkh fxuuhqw dqg wkh odvw shulrg/ d vkrfn wr
lqfrph zloo ohdg wr d ghod|hg uhdfwlrq lq frqvxpswlrq1 Wkh uhdvrqlqj iru wklv ghod| lv
gxh wr krxvhkrogv dqwlflsdwlqj wkh +qhjdwlyh, lpsdfw ri fxuuhqw frqvxpswlrq rq ixwxuh
pdujlqdo xwlolw| ri frqvxpswlrq1 Wklv lpsolhv wkh judgxdo uhvsrqvh ri frqvxpswlrq wr d
vkrfn lq lqfrph/ uhsolfdwlqj wkh kxps vkdshg uhvsrqvh irxqg lq wkh gdwd1
Lq prvw ri wkh hpslulfdo qglqjv uhsruwhg lq wklv wkhvlv wkh suhglfwlrqv iurp wkh
udwlrqdo0fkrlfh prgho duh frquphg e| wkh gdwd1 Krzhyhu/ zh dovr qg wkdw lq vrph
fdvh dfwxdo ehkdylru ghsduwv +dw ohdvw sduwldoo|, iurp vxfk suhglfwlrqv/ vr wkdw erxqghg
udwlrqdolw| vhhp wr surylgh d ehwwhu h{sodqdwlrq iru dfwxdo lqglylgxdo ghflvlrq pdnlqj=
zkhqhyhu shrsoh*v fkrlfhv ghyldwh iurp wkh dvvxpswlrqv ri wkh udwlrqdo wkhru|/ hfrqrplf
uhvhdufk lq ghflvlrq pdnlqj qhhgv wr eruurz iurp rwkhu glvflsolqhv frqfhswv wkdw dffrxqw
iru hpslulfdo frxqwhulqwxlwlyh qglqjv1
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Wklv vhfwlrq surylghv d vxppdu| ri wkh frqwhqw ri wkh wkhvlv*v fkdswhuv1
Fkdswhu 5 hvwlpdwhv glvfrxqw udwhv/ lqwhuwhpsrudo vxevwlwxwlrq hodvwlflwlhv dqg kdelw
shuvlvwhqfh sdudphwhuv iurp gdwd zkhuh uhvsrqghqwv duh dvnhg wr fkrrvh ehwzhhq k|sr0
wkhwlfdo frqvxpswlrq vwuhdpv lq d vxffhvvlrq ri vxuyh| txhvwlrqv1 Wkh fkdswhu ehorqjv wr
d jurzlqj olwhudwxuh rq wkh xvh ri k|srwkhwlfdo txhvwlrqv lq vxuyh|v ghyrwhg wr wkh hvwlpd0
wlrq ri sdudphwhuv wkdw duh riwhq kdug wr lghqwli| iurp uhyhdohg suhihuhqfh gdwd1 Zlwklq
wklv olwhudwxuh/ wkh forvhvw uhihuhqfh lv wkh Eduvn|/ Mxvwhu/ Nlpedoo dqg Vkdslur*v sdshu
+TMH/ 4<<:, zklfk dgguhvvhv wkh vdph txhvwlrq zlwk d voljkwo| glhuhqw dssurdfk xvlqj
XV gdwd iurp wkh Khdowk dqg Uhwluhphqw Vxuyh|1 Wkh surfhgxuh iroorzhg lq wkh fkdswhu
frqvlvwv ri sdudphwhul}lqj olih wlph xwlolw| ri hdfk sdwk wkh uhvsrqghqw lv suhvhqwhg zlwk
dv d ixqfwlrq ri wkh ohyho dqg jurzwk udwh ri frqvxpswlrq dfurvv |hduv +erwk ri zklfk
duh doorfdwhg udqgrpo| iru hdfk sdwk iru hdfk uhvsrqghqw, dv zhoo dv ri wkh sdudphwhuv
uhsuhvhqwlqj wkh vxemhfwlyh glvfrxqw udwh/ wkh frh!flhqw ri ulvn dyhuvlrq dqg/ lq wkh odwwhu
sduw ri wkh fkdswhu/ wkh ghjuhh ri kdelw shuvlvwhqfh1 D orjlw iudphzrun lv wkhq hpsor|hg wr
hvwlpdwh wkh sdudphwhuv ri lqwhuhvw e| dvvxplqj wkh uhvsrqghqw fkrrvhv wkh k|srwkhwlfdo
sdwk wkdw zrxog surylgh khu wkh kljkhvw olihwlph xwlolw|1 Prghov zlwk kdelw irupdwlrq ds0
shdu wr eh vxshulru wr prghov zlwk lqwhuwhpsrudoo| dgglwlyh suhihuhqfhv1 Wkh hvwlpdwh ri
wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq dsshduv wr eh txlwh urexvw zlwk uhvshfw wr wkh
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glhuhqw dvvxpswlrqv uhjduglqj kdelw irupdwlrq1 Wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq
krzhyhu fkdqjhv vxevwdqwldoo| dfurvv vshflfdwlrqv1 Lq lwvhoi wklv ghprqvwudwhv wkh lpsru0
wdqfh ri euhdnlqj wkh frqqhfwlrq ehwzhhq wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq dqg
ulvn dyhuvlrq lq lqwhuwhpsrudo prghov1 Wkh pdlq qglqj ri rxu hpslulfdo dqdo|vlv pd| eh
wkh uhmhfwlrq ri lqwhuwhpsrudo dgglwlylw|1
Lw lv zhoo nqrzq wkdw shrsoh whqg wr dyrlg ulvn1 Wkh pruh wkh| glvolnh lw/ wkh kljkhu
wkhlu ghpdqg iru lqvxudqfh1 Pruhryhu/ ulvn dyhuvlrq dovr ghwhuplqhv wkhlu ghpdqg iru
ulvn| lqyhvwphqwv/ olnh vwrfnv1 \hw xqwlo qrz wkhuh kdv ehhq olwwoh gluhfw hylghqfh derxw
shrsoh*v dwwlwxghv wrzdugv ulvn1 Fkdswhu 6 lqyhvwljdwhv lqglylgxdo ulvn dwwlwxgh lq d prgho
ri krxvhkrog sruwirolr doorfdwlrq1 Vhyhudo glhuhqw phdvxuhv ri ulvn dwwlwxghv duh xvhg/ lq0
foxglqj txhvwlrqv rq fkrlfhv ehwzhhq xqfhuwdlq lqfrph vwuhdpv vxjjhvwhg e| Eduvn| hw do1
+4<<:, dqg d qxpehu ri dg krf phdvxuhv1 Dv lq Eduvn| hw do1 +4<<:, dqg Duurqgho +5333,/
lqglylgxdo yduldwlrq lq wkh ulvn dyhuvlrq phdvxuhv duh uvw dqdo|}hg dqg h{sodlqhg e| edfn0
jurxqg fkdudfwhulvwlfv +erwk remhfwlyh fkdudfwhulvwlfv dqg rwkhu vxemhfwlyh phdvxuhv ri
ulvn suhihuhqfh,1 Qh{w wkh phdvxuhg ulvn dwwlwxghv duh lqfrusrudwhg lqwr d krxvhkrog sruw0
irolr doorfdwlrq prgho/ zklfk h{sodlqv sruwirolr vkduhv/ zkloh dffrxqwlqj iru lqfrpsohwh
sruwirolrv1 Zh exlog d vwuxfwxudo prgho zlwk hqgrjhqrxvo| vzlwfklqj uhjlphv/ zkhuh hdfk
uhjlph lv fkdudfwhul}hg e| d sduwlfxodu dvvhw rzqhuvkls sdwwhuq1 Wkh prgho kdv wzr frp0
srqhqwv= wkh uvw frpsrqhqw ghwhuplqhv wkh uhjlph/ dqg wkh vhfrqg frpsrqhqw ghvfulehv
sruwirolr vkduhv ri dvvhwv frqglwlrqdo rq wkh uhjlph1 Rxu uhvxowv vkrz wkdw wkh Eduvn|
hw do1 +4<<:, phdvxuh/ wkrxjk ehlqj wkh rqh zlwk d uphu edvlv lq hfrqrplf wkhru|/ kdv
olwwoh h{sodqdwru| srzhu/ zkhuhdv dg krf/ pruh lqwxlwlyh phdvxuhv ri ulvn dyhuvlrq gr d
frqvlghudeo| ehwwhu mre lq h{sodlqlqj sruwirolr fkrlfh1 Zh surylgh d glvfxvvlrq ri wkh
uhdvrqv iru wklv qglqj1
Lq d uhfhqw duwlfoh/ Mrkq W1 Zduqhu dqg Vdxo Sohwwhu +DHU 5334, hvwlpdwh shuvrqdo
glvfrxqw udwhv iurp d fkrlfh ehwzhhq dq dqqxlw| dqg d oxps vxp fdslwdo sd|phqw lq
plolwdu| grzqvl}lqj surjudpv1 Iurp wklv qdwxudo h{shulphqw wkh dxwkruv qg yhu| kljk
hvwlpdwhv ri shuvrqdo glvfrxqw udwhv +xs wr 63(,1 Lq fkdswhu 7 zh dqdo|}h d vlplodu
fkrlfh ehwzhhq dq dqqxlw| dqg d oxps vxp fdslwdo rswlrq xsrq uhwluhphqw lq Vzlvv
shqvlrq ixqgv/ zklfk lqyroyh ghflvlrqv ryhu vxevwdqwldoo| odujhu vxpv1 Zh qg wkdw wkh
uroh ri shuvrqdo fkdudfwhulvwlfv +vxfk dv jhqghu/ pdulwdo vwdwxv/ djh dw uhwluhphqw/ qxpehu
ri fkloguhq, rq wkh fkrlfh vhhpv wr eh vrphzkdw ryhuvkdgrzhg e| rwkhu frpsrqhqwv/
qdpho| frpsdq| {hg hhfwv dqg wkh frqyhuvlrq idfwru/ wkdw lv wkh idfwru dw zklfk lv
fdslwdo lv wudqvodwhg lqwr dq dqqxlw|1 Lq frqwudvw zlwk Zduqhu dqg Sohhwhu*v uhvxowv/ zh
qg wkdw wkh glvfrxqw udwh vhhpv wr sod| hvvhqwldoo| qr uroh lq h{sodlqlqj wkh lqglylgxdo*v
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fkrlfh1 Wklv dqdo|vlv vhhpv wr vxjjhvw wkdw zkhq wdnlqj qdqfldo ghflvlrqv shrsoh fkrrvh
rq wkh edvlv ri hdv| yduldeohv +wkh frqyhuvlrq idfwru/ lq wklv sduwlfxodu fdvh, udwkhu wkdq
ri pruh frpsolfdwhg dqg vrsklvwlfdwhg rqhv1 Wklv qglqj pd| eh h{sodlqhg lq d erxqghg
udwlrqdolw| iudphzrun/ wkdw vwuhvvhv wkh olplwhg frjqlwlyh delolwlhv wkdw frqvwudlq kxpdq
sureohp vroylqj1 Wkh lghdo ri udwlrqdo ghflvlrq pdnlqj uhtxluhv fkrrvlqj dv wr pd{lpl}h
d phdvxuh ri h{shfwhg xwlolw| wkdw uh hfwv d frpsohwh dqg frqvlvwhqw suhihuhqfh rughu dqg
suredelolw| phdvxuh ryhu doo srvvleoh frqwlqjhqflhv1 Wklv uhtxluhphqw dsshduv wrr vwurqj
wr shuplw dffxudwh ghvfulswlrq ri wkh ehkdylru ri uhdolvwlf lqglylgxdo djhqwv vwxglhg lq
hfrqrplfv1
Fkdswhu 8 irfxvhv rq wkh uroh ri kdelw irupdwlrq lq lqglylgxdo suhihuhqfhv ryhu frq0
vxpswlrq dqg vdylqj1 Lq wklv fkdswhu zh hvwlpdwh d prgho edvhg rq Dohvvlh dqg Oxvdugl*v
+4<<:, forvhg0irup vroxwlrq ri vdylqj/

zkhuh vdylqj lv h{suhvvhg dv d ixqfwlrq ri odjjhg
vdylqj dqg rwkhu uhjuhvvruv/ vxfk dv djh/ jhqghu/ ohyho ri hgxfdwlrq/ krxvhkrog frpsrvl0
wlrq/ h{shfwhg dqg uhdol}hg lqfrph fkdqjhv1 Rxu hpslulfdo uhvxowv vkrz hylghqfh lq idyru
ri kdelw irupdwlrq1 Wklv frqfoxvlrq lv qrw lq olqh zlwk vrph hduolhu olwhudwxuh1 G|qdq
+5333, dqg Jxduljold dqg Urvvl +5334, qg qhjdwlyh hvwlpdwhv ri wkh kdelw irupdwlrq fr0
h!flhqw1 Wkhlu uhvxowv frph iurp wkh Hxohu htxdwlrq iru frqvxpswlrq udwkhu wkdq iurp d
forvhg irup vroxwlrq1 Zh dujxh wkdw wkh gdwd wkh| xvh lq wkhlu dqdo|vlv uhihuv wr frqvxps0
wlrq h{shqglwxuhv +udwkhu wkdq vdylqjv, zklfk lv suhvxpdeo| phdvxuhg zlwk frqvlghudeoh
huuru1 Vxfk phdvxuhphqw huuruv pd| eh uhvsrqvleoh iru d vwurqj vsxulrxv qhjdwlyh fru0
uhodwlrq ehwzhhq glhuhqfhv lq fxuuhqw +{f  , dqg sdvw frqvxpswlrq ohyhov +{f    ,1 Dv
d frqvhtxhqfh/ wkh ROV hvwlpdwh ri wkh kdelw irupdwlrq sdudphwhu  lv eldvhg wrzdugv
d qhjdwlyh qxpehu1 Pruhryhu/ d vhfrqg uhdvrq wr xvh wkh forvhg irup vroxwlrq dv d
edvlv ri wkh hpslulfdo prgho lv wkdw lw hperglhv pruh lqirupdwlrq derxw wkh kdelw iru0
pdwlrq prgho wkdq wkh Hxohu htxdwlrq1 Wkhuhiruh/ wkh forvhg irup vroxwlrq doorzv iru d
pruh srzhuixo whvw ri wkh ydolglw| ri wkh kdelw irupdwlrq prgho wkdq wkh Hxohu htxdwlrq
dssurdfk1 Pruhryhu/ zh qg hylghqfh lq idyru ri d vkruw sodqqlqj krul}rq dqg oltxlglw|
frqvwudlqwv1 Pruh wkhruhwlfdo uhvhdufk vhhpv wr eh qhhghg lq rughu wr lqyhvwljdwh wkh mrlqw
lpsdfw ri oltxlglw| frqvwudlqwv dqg kdelw irupdwlrq1

Dohvvlh dqg Oxvdugl +4<<:, frqvlghu prghov ri kdelw irupdwlrq dqg ghulyh forvhg0irup vroxwlrqv iru
frqvxpswlrq dqg vdylqj xqghu fhuwdlqw| htxlydohqfh dqg xqfhuwdlqw|1 Wkh| qg hylghqfh iru kdelw iru0
pdwlrq iru erwk frqvxpswlrq dqg vdylqj1
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415 Gdwdvhwv xvhg iru wkh hpslulfdo dqdo|vlv
Doo wkh uhpdlqlqj fkdswhuv lq wklv wkhvlv frqwdlq dq hpslulfdo sduw ghyrwhg wr wkh hvwl0
pdwlrq ri lqglylgxdo suhihuhqfh sdudphwhuv1 Fkdswhuv 5 dqg 8 duh edvhg rq wkh FhqwHU
Vdylqjv Vxuyh|> fkdswhu 6 h{sorlwv wkh FhqwHU Vdylqj Vxuyh| dqg wkh FhqwHUsdqho>
fkdswhu 7 xvhv dq dk krf Vzlvv gdwdedvh1 Lq wklv vhfwlrq zh surylgh d eulhi ghvfulswlrq ri
vxfk gdwdvhwv1
41 FhqwHU Vdylqjv Vxuyh| +FVV,1 Iruphuo| nqrzq dv wkh YVE sdqho/ wkh FVV lv d
sdqho vxuyh| vwduwhg lq 4<<6 dqg uxq hyhu| |hdu1 Xqwlo 4<<:/ wkh FhqwHU Vdylqjv
Vxuyh| frqvlvwhg ri wzr vdpsohv1 Wkh uvw vdpsoh +UHS, zdv lqwhqghg wr eh uhsuh0
vhqwdwlyh ri wkh Gxwfk srsxodwlrq/ hyhq li wkh dfwxdo UHS vdpsohv duh qrw frpsohwho|
uhsuhvhqwdwlyh ehfdxvh ri vxuyh| qrq0uhvsrqvh> lw frqvlvwv ri vrph 5333 krxvhkrogv
lq hdfk zdyh/ lqfoxglqj uhiuhvkphqw vdpsohv frpshqvdwlqj iru sdqho dwwulwlrq1 Wkh
vhfrqg vdpsoh +KLS, zdv uhsuhvhqwdwlyh ri wkh wrs 43 shufhqw ri wkh lqfrph glvwul0
exwlrq dqg lqlwldoo| lw frqwdlqhg vrph <33 krxvhkrogv1 Lq 4<<; prvw uhvsrqghqwv
ri wkh vhfrqg vdpsoh vwrsshg/ vr wkdw vlqfh wkdw |hdu rq wkh FVV lqfoxghv rqo| wkh
UHS1
Wkh FhqwHU Vdylqjv Vxuyh| frqvlvwv ri yh txhvwlrqqdluhv= zrun dqg shqvlrqv/
dffrpprgdwlrq dqg pruwjdjhv/ lqfrph dqg khdowk/ dvvhwv dqg oldelolwlhv/ hfrqrplf
dqg sv|fkrorjlfdo frqfhswv1 Wkh txhvwlrqqdluhv duh vhqw wr wkh uhvsrqghqwv e|
prghp/ wkh uhvsrqghqwv oo lq wkh txhvwlrqqdluhv dw wkhlu krph frpsxwhuv/ dqg
wkh dqvzhuv duh uhwxuqhg lq wkh vdph zd|1 Wklv phdqv wkdw wkh txhvwlrqqdluhv duh
dqvzhuhg zlwkrxw wkh lqwhuihuhqfh ri dq lqwhuylhzhu dqg wkh uhvsrqghqwv fdq dqvzhu
wkh txhvwlrqqdluhv dw d wlph wkdw lv frqyhqlhqw iru wkhp1
Iru rxu sxusrvhv zh irfxv pdlqo| rq wkh dvvhwv dqg oldelolwlhv txhvwlrqqdluh dqg
wkh hfrqrplf dqg sv|fkrorjlfdo frqfhswv1 Wkh iruphu surylghv ghwdlohg lqirupdwlrq
derxw iruw| dvvhw dqg ghew fdwhjrulhv/ erwk qdqfldo dqg uhdo
	
1 Wkh hfrqrplf dqg
sv|fkrorjlfdo frqfhswv txhvwlrqqdluh uhsuhvhqwv d yhu| ulfk vhw ri txhvwlrqv derxw
vhyhudo wrslfv/ vxfk dv/ dprqj rwkhuv/ shuvrqdo fkdudfwhulvwlfv/ krxvhkrog lqfrph/
h{shfwdwlrqv derxw ixwxuh lqfrph/ dwwlwxgh wrzdugv vdylqj dqg vdylqj ehkdylru/ ulvn
shufhswlrq dqg ulvn dyhuvlrq/ h{shfwdwlrqv iru wkh ixwxuh dqg frpsdulvrq zlwk wkh
fxuuhqw vlwxdwlrq/ sodqqlqj ri qdqfldo pdwwhuv1

D ghwdlohg ghvfulswlrq ri wkhvh dvvhwv dqg oldelolwlhv lv surylghg e| Dohvvlh/ Krfkjxhuwho dqg ydq Vrhvw
+5335,1
4151 Gdwdvhwv xvhg iru wkh hpslulfdo dqdo|vlv <
51 Wkh FhqwHUsdqho1 Wkh FhqwHUsdqho/ hvwdeolvkhg lq 4<<4/ lv dq Lqwhuqhw0edvhg
whohsdqho1 Wkh FhqwHU Vdylqj Vxuyh| ghvfulehg deryh lv sduw ri wkh FhqwHUsdqho/
dv wkh krxvhkrogv phpehuv ri wkh odwwhu whohsdqho duh dovr uhvsrqghqwv wr wkh FVV1
Lq idfw/ txhvwlrqqdluhv iurp FhqwHUsdqho irfxv rq d zlghu ydulhw| ri vxemhfwv/ vr
wkdw lqirupdwlrq iurp wkh FVV fdq eh frpelqhg zlwk dqvzhuv jlyhq e| wkh vdph
krxvhkrogv wr rwkhu txhvwlrqv lqfoxghg lq wkh FhqwHUsdqho1
61 D slorw Vzlvv gdwdedvh1 Gxulqj wkh dfdghplf |hdu 533325334/ dssur{lpdwho| 453
odujh dqg phglxp vl}hg Vzlvv shqvlrq ixqgv zhuh frqwdfwhg e| pdlo zlwk d vkruw
ghvfulswlrq ri d uhvhdufk surmhfw1 Derxw kdoi ri wkh dgguhvvhh uhsolhg dqg 48 ri wkhp
zhuh uhdg| wr surylgh wkhlu gdwd1 Gxh wr gdwd olplwdwlrqv dqg rwkhu +whfkqlfdo dqg
rujdql}dwlrqdo, sureohpv/ d gdwdedvh frxog eh hvwdeolvkhg iru < frpsdqlhv/ erwk
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Wlph suhihuhqfh kdv ehhq h{whqvlyho| phdvxuhg wkurxjk vxuyh| whfkqltxhv1 Lq jhqhudo/
uhvsrqghqwv idfh d k|srwkhwlfdo vlwxdwlrq lqyroylqj glhuhqw dprxqwv ri prqh| +ru vrph
rwkhu ghvludeoh jrrg, dw glhuhqw srlqwv lq wlph dqg duh dvnhg wr hlwkhu h{suhvv d suhihuhqfh
iru rqh ri wkh dowhuqdwlyhv ru wr surylgh d wudgh0r +krz pxfk prqh| grhv rqh uhtxluh wr
srvwsrqh wkh uhfhlsw ri d fhuwdlq dprxqw iru lqvwdqfh,1 Glvfrxqw udwhv phdvxuhg lq wklv
zd| zhuh irxqg wr eh qhjdwlyho| fruuhodwhg zlwk ixwxuh wlph rulhqwdwlrq dqg srvlwlyho|
fruuhodwhg zlwk elj vshqglqj +Wkrpdv dqgZdug/ 4<:<,1 Nxu} hw do1 +4<:6, dvnhg d vdpsoh
ri sduwlflsdqwv lq wkh Vhdwwoh dqg Ghqyhu Lqfrph Pdlqwhqdqfh H{shulphqwv d vhulhv ri
k|srwkhwlfdo txhvwlrqv vxfk dv= Zkdw vl}h erqxv zrxog |rx ghpdqg wrgd| udwkhu wkdq
froohfw d erqxv ri '433 lq 4 |hduB1 Wkh| irxqg d phdq udwh ri wlph suhihuhqfh ehwzhhq
169 dqg 1:9/ dqg ehwzhhq 173 dqg 4155 iru zklwhv dqg iru eodfnv/ uhvshfwlyho|1
Dowkrxjk wkhvh udwhv ri wlph suhihuhqfh pd| vhhp lpsodxvleo| kljk/ kljk udwhv duh
dovr irxqg lq uhyhdohg suhihuhqfh vwxglhv1 Lq d zhoo0nqrzq vwxg| Kdxvpdq +4<:<, xvhg
lqglylgxdo krxvhkrog gdwd rq wkh sxufkdvh dqg xwlol}dwlrq ri urrp dlu frqglwlrqhuv wr
hvwlpdwh wkh lqwhuwhpsrudo glvfrxqw udwhv xvhg e| frqvxphuv lq rughu wr hydoxdwh wkh
wudgh0r ehwzhhq suhvhqw dqg ixwxuh frvwv1 Kh irxqg dq hvwlpdwhg dyhudjh dqqxdo glv0
frxqw udwh ri 5917( +fohduo| deryh dq| uhohydqw lqwhuhvw udwh, dqg dq lqyhuvh uhodwlrq zlwk
lqfrph1 Orhzhqvwhlq dqg Wkdohu +4<;<, flwh d qxpehu ri rwkhu vwxglhv wkdw qg hyhq
odujhu glvfrxqw udwhv1 H{sodqdwlrqv wkdw kdyh ehhq rhuhg lqfoxgh lqirupdwlrq eduulhuv
dqg oltxlglw| frqvwudlqwv1 Ixuwkhu h{sodqdwlrqv kdyh ehhq surylghg e| Nrruhpdq +4<<8,/
zkrvh pdlq frqfoxvlrq lv wkdw li ulvn0qhxwudo frqvxphuv dqwlflsdwh d udqgrp olihwlph ri d
gxudeoh/ wkh dvvxpswlrq ri d ghwhuplqlvwlf olihwlph uhvxowv lq dq xszdug eldv/ dv odujh dv
68(/ ri hvwlpdwhg glvfrxqw udwhv1
Grqnhuv hw ydq Vrhvw +4<<<, dqg Grqnhuv hw do1 +4<<<, xvhg gdwd iurp wkh YVE sdqho
vxuyh|

ri Gxwfk krxvhkrogv lq rughu wr holflw lqirupdwlrq derxw vxemhfwlyh phdvxuhv ri
wlph suhihuhqfh/ qdqfldo ghflvlrqv dqg ulvn dwwlwxghv1 Wkhlu pdlq uhvxowv duh wkdw wkh
udwh ri wlph suhihuhqfh lv qhjdwlyho| uhodwhg wr djh dqg wkdw zrphq duh pruh sdwlhqw wkdq
phq> wkh vxemhfwlyh wlph suhihuhqfh udwh lv ixuwkhupruh srvlwlyho| uhodwhg wr wkh ghflvlrq
wr krog ulvn| dvvhwv1
Lq prghov ri g|qdplf fkrlfh lqfuhdvlqj dwwhqwlrq lv jlyhq wr wkh frqfhsw ri vhoi0frqwuro1
Wklv kdv ehhq lqyhvwljdwhg e| phdqv ri prghov zkhuh wkh djhqw lv dvvxphg wr eh erwk d
iduvljkwhg sodqqhu dqg d p|rslf grhu1 Wkh lqglylgxdo lv vhhq dv dq rujdql}dwlrq/ vr wkdw
wkh sureohp ri vhoi0frqwuro lv edvlfdoo| wkh vdph dv wkh djhqf| frq lfw ehwzhhq wkh rzqhu
dqg wkh pdqdjhu ri d up1 Lw lv wkhuhiruh qrw vxusulvlqj wkdw prvw ri wkh zrun grqh lq
Qrz fdoohg wkh FhqwHU Vdylqjv Vxuyh| +FVV,1
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wklv hog ri uhvhdufk lv edvhg rq d jdph0wkhruhwlf dqdo|vlv1 Vrph ri wkh dssolfdwlrqv ri wkh
sulqflsdo0djhqw prgho kdv ehhq lqyhvwljdwhg e| Wkdohu dqg Vkhiulq +4<;4,/ sduwlfxoduo| lq
wkh vwxg| ri lqglylgxdo vdylqj ehkdylrxu1 Wkh zrun e| Odlevrq +4<<:, vtxduho| idoov lqwr
wklv fdwhjru|1
Rxu vwxg| iroorzv Eduvn|/ Mxvwhu/ Nlpedoo/ dqg Vkdslur +4<<:, +EMNV iurp qrz rq,
lq xvlqj revhuyhg k|srwkhwlfdo fkrlfhv ehwzhhq glhuhqw frqvxpswlrq sdwwhuqv wr hvwlpdwh
erwk wkh udwh ri wlph suhihuhqfh dqg wkh hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq1 Dv d
wkhruhwlfdo iudphzrun zh wdnh wkh frqyhqwlrqdo lqwhuwhpsrudoo| dgglwlyh xwlolw| prgho dv
d vwduwlqj srlqw1 Zh wkhq h{whqg wkh prgho e| doorzlqj iru kdelw irupdwlrq1 E| xvlqj
k|srwkhwlfdo txhvwlrqv/ wkh lvvxh ri vhoi0frqwuro grhv qrw dulvh1 Wkh k|srwkhwlfdo qdwxuh
ri wkh txhvwlrqv doorzv wkh uhvsrqghqw wr rxu txhvwlrqv wr eh d sodqqhu udwkhu wkdq d
grhu1 Dovr/ xqfhuwdlqw| lv qrw sduw ri wkh iudphzrun lq zklfk txhvwlrqv duh dvnhg1 Vr/
zkhq zh vshdn ri uhodwlyh ulvn dyhuvlrq wklv uhihuv wr qrwklqj hovh wkdq wkh fxuydwxuh ri
wkh lqwudwhpsrudo xwlolw| ixqfwlrq1 Wkh jrdo ri wkh fkdswhu lv wr lqyhvwljdwh wkh vwuxfwxuh
ri lqwhuwhpsrudo suhihuhqfhv ryhu frqvxpswlrq vwuhdpv lq dv fohdq dq hqylurqphqw dv
srvvleoh1 Wkxv zh devwudfw iurp xqfhuwdlqw| dqg suhvhqw uhvsrqghqwv lq d vxuyh| zlwk
vwudljkwiruzdug fkrlfhv wkdw gr qrw lqyroyh frpsolfdwhg xwlolw| pd{lpl}dwlrq wdvnv1
Vhfwlrq 514 ghvfulehv wkh gdwdvhw zh xvhg iru wkh h{shulphqw dqg suhvhqwv wkh prvw
uhohydqw vxppdu| vwdwlvwlfv1 Wkh edvlf prgho +zlwk lqwhuwhpsrudoo| dgglwlyh xwlolw|, lv
suhvhqwhg lq Vhfwlrq 5151 Lq wkh vdph vhfwlrq zh dovr suhvhqw hvwlpdwlrq uhvxowv iru wklv
prgho1 Kdelw irupdwlrq lv lqwurgxfhg lq Vhfwlrq 516/ zkhuh wzr prgho vshflfdwlrqv
duh ghvfulehg/ dv zhoo dv wkh hvwlpdwlrq rxwfrphv iru wkhvh wzr prghov1 Rqh ri wkh
glvwlqjxlvklqj ihdwxuhv ri wkh frqyhqwlrqdo lqwhuwhpsrudoo| dgglwlyh xwlolw| prgho lv wkh
lqyhuvh uhodwlrqvkls ehwzhhq wkh LHV dqg wkh uhodwlyh ulvn dyhuvlrq sdudphwhu +lq rxu
frqwh{w zlwkrxw xqfhuwdlqw| phuho| lqwhusuhwhg dv d phdvxuh ri wkh frqfdylw| ri wkh
xwlolw| ixqfwlrq,1 Lqwurgxfwlrq ri kdelw irupdwlrq euhdnv wklv uhodwlrq1 Vhfwlrq 516 dovr
lqfoxghv d ghulydwlrq ri wkh LHV lq wkh prgho zlwk kdelw irupdwlrq1 Vhfwlrq 517 frqfoxghv
wkh fkdswhu1
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514 Wkh Gdwdvhw
Lq wkh hpslulfdo dqdo|vlv zh xvh gdwd iurp wkh FhqwHUsdqho1 Wkh FhqwHUsdqho frpsulvhv
vrph 5333 krxvhkrogv lq wkh Qhwkhuodqgv1 Wkh phpehuv ri wkrvh krxvhkrogv dqvzhu d
txhvwlrqqdluh dw wkhlu krph frpsxwhuv hyhu| zhhn1 Wkhvh frpsxwhuv pd| hlwkhu eh wkhlu
rzq frpsxwhu ru d vhw0wrs er{ surylghg e| FhqwHUgdwd/ wkh djhqf| uxqqlqj wkh sdqho1
Wkh FhqwHUsdqho lv uhsuhvhqwdwlyh ri wkh Gxwfk srsxodwlrq1 Lq wkh zhhnhqgv ri Dxjxvw :0
43 dqg Dxjxvw 4704: ri 4<<; d txhvwlrqqdluh zdv hoghg zlwk d odujh qxpehu ri vxemhfwlyh
txhvwlrqv rq k|srwkhwlfdo fkrlfhv1 Wkh txhvwlrqqdluh zdv uhshdwhg lq wkh zhhnhqgv ri
Qryhpehu 53056 dqg Qryhpehu 5:063 ri 4<<; iru wkrvh sdqho phpehuv zkr kdg qrw
uhvsrqghg |hw1 Iru uhdvrqv wkdw zloo ehfrph fohdu ehorz d yhu| vlplodu txhvwlrqqdluh zdv
hoghg dprqj wkh phpehuv ri wkh FhqwHUsdqho lq odwh Mdqxdu| ri 53351 Wkh txhvwlrqv
zh xvh suhvhqw uhvsrqghqwv zlwk yh glhuhqw k|srwkhwlfdo frqvxpswlrq sdwkv dqg wkhq
dvn wkhp wr fkrrvh rqh ri wkhp1 D w|slfdo txhvwlrq uhdgv dv iroorzv=
Qrz lpdjlqh wkdw |rx +dqg |rxu sduwqhu, ghflgh wr wdnh qdqfldo dgylfh dqg vhw xs
dq h{shqglwxuh sodq/ vwduwlqj qrz dqg hqglqj zkhq |rx duh SD |hduv rog1 Wkh qdqfldo
dgylvru whoov |rx wkdw/ lq |rxu vlwxdwlrq/ wkhuh duh d qxpehu ri rswlrqv1 Wkhvh rswlrqv
zloo eh suhvhqwhg rq wkh vfuhhq ehorz1
Sohdvh lqglfdwh e| vhohfwlqj d qxpehu/ zklfk h{shqglwxuh sdwwhuq |rx zrxog suhihu1
Zkhq pdnlqj wklv fkrlfh/ sohdvh frqvlghu |rxu idplo| vlwxdwlrq wr uhpdlq xqfkdqjhg1
Sohdvh lqglfdwh |rxu suhihuuhg h{shqglwxuh sdwwhuq e| vhohfwlqj d qxpehu1
DjhqSdwwhuq 4 5 6 7 8
85 :9<4 :34: 973< 898< 7:9;
87 :5<8 9;36 973< 8;86 8559
88 :438 99<< 973< 8<86 87:5
8: 9:6< 97<8 973< 948: 8<<<
8< 96<5 95<: 973< 969; 98:9
93 9558 9534 973< 97:9 9;;8
95 8<37 9345 973< 99<; :87:
96 8:83 8<53 973< 9;45 :<35
98 8787 8:73 973< :378 ;995
Vhohfw h{shqglwxuh sdwwhuq 4/ 5/ 6/ 7 ru 81
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Diwhu wklv txhvwlrq/ wkuhh pruh/ vlplodu/ txhvwlrqv duh dvnhg1 Wkh djhv olvwhg lq wkh
uvw froxpq ydu| ghshqglqj rq wkh uhvsrqghqw*v fkdudfwhulvwlfv1 Lq sduwlfxodu/ wkh qdo
djh +ghqrwhg e| O, lv htxdo wr 98/ li wkh uhvsrqghqw lv fxuuhqwo| |rxqjhu wkdq 89 +dv lq
wkh h{dpsoh uhsruwhg deryh,> O lv htxdo wr :8/ li wkh uhvsrqghqw lv fxuuhqwo| ehwzhhq 89
dqg 98> O lv htxdo wr ;8/ li wkh uhvsrqghqw lv fxuuhqwo| ehwzhhq 99 dqg :81 Wkh txhvwlrqv
duh qrw srvhg wr uhvsrqghqwv roghu wkdq :81 Wkh lqwhuydo ehwzhhq wkh uhvsrqghqw*v rzq
djh dqg O lv glylghg lq +doprvw, htxdo sduwv1 Uhvsrqghqwv rqo| vhh qxpehuv dqg qrw d
slfwxuh ri frqvxpswlrq surohv1
51414 Wkh gdwd jhqhudwlqj surfhvv
Wkh ydulrxv frqvxpswlrq sdwwhuqv kdyh ehhq jhqhudwhg dv iroorzv1 Ohw | ghqrwh wkh
uhvsrqghqw*v vhoi0uhsruwhg diwhu0wd{ krxvhkrog*v prqwko| lqfrph1 Lw lv wkh vxp ri wkh
qhw lqfrph ri hdfk krxvhkrog phpehu/ edvhg rq lqirupdwlrq wkdw zdv surylghg e| wkh
uhvsrqghqw lq hduolhu txhvwlrqqdluhv1 Ohw  eh d xqlirupo| glvwulexwhg udqgrp yduldeoh rq
d=H> =2o1 Iru hdfk uhvsrqghqw zh gudz rqh ydoxh iurp wkh glvwulexwlrq ri  dqg frpsxwh
F ' =b|1 F lv wkh  dw frqvxpswlrq sdwk wkdw lv jlyhq wr wkh uhvsrqghqw dv rqh ri
wkh srvvleoh fkrlfhv +wkh plggoh froxpq lq wkh txhvwlrq flwhg deryh,1 Wkh uhpdlqlqj
frqvxpswlrq sdwkv duh ghulyhg iurp F dv iroorzv1
Gudz irxu udqgrp yduldeohv=    iurp X d=fD>=f2Do>   iurp X d=f2D> fo/   iurp X
df> =f2Do> dqg   iurp X d=f2D> =fDo1 Wkhvh udqgrp yduldeohv duh frqvxpswlrq jurzwk udwhv1
Ohw wkh fxuuhqw djh ri d uhvsrqghqw eh o +l1h1 85 lq wkh txhvwlrq,1 Ixuwkhupruh ohw f
 
eh wkh frqvxpswlrq ohyho dw djh o lq sdwk l ' > ===> e +wkh frqvwuxfwlrq ri f
 
lv ghvfulehg
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Wkh iroorzlqj vrphzkdw duwlfldo surfhgxuh kdv ehhq dgrswhg1 Ohw u  eh d udqgrp
lqwhuhvw udwh gudzq iurp d xqlirup glvwulexwlrq rq dD> Do1 Dovr wkh u  duh uhvsrqghqw
vshflf1 Jlyhq wkh lqwhuhvw udwh u  dqg wkh jurzwk udwh   zh fkrrvh f   lq vxfk d zd| wkdw
wkh suhvhqw glvfrxqwhg ydoxh ri wkh frqvxpswlrq vwuhdp if  ' f   E n       j   lv htxdo
wr wkh suhvhqw glvfrxqwhg ydoxh ri wkh frqvwdqw frqvxpswlrq sdwwhuq F1 Lq rwkhu zrugv
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Ghqh D    n   dqg U      "! #%$&$ 1 Wkhq wkh htxdolw| fdq eh zulwwhq dv
f
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Wkh surfhgxuh iroorzhg hqvxuhv wkdw uhvsrqghqwv duh idfhg zlwk fkrlfhv wkdw gr qrw ghyldwh
zlogo| iurp wkhlu rzq frqvxpswlrq ohyho1 Zh vkrxog qrwh wkdw vlqfh wkh uhvsrqghqwv duh
qrw wrog wkh ydoxhv ri   dqg u  / wkhvh ydoxhv duh lq wkhpvhoyhv luuhohydqw iru wkh zd|
lq zklfk wkh uhvsrqghqwv shuirup wkh wdvn ri vhohfwlqj frqvxpswlrq sdwkv1 Wkh| fdq lq
sulqflsoh lqihu wkh ydoxh ri   gluhfwo| iurp wkh frqvxpswlrq sdwkv vkrzq wr wkhp/ exw
wkh ydoxh ri u  lv rqo| ri xvh li iru vrph uhdvrq d uhvsrqghqw zdqwhg wr hqjdjh lq wkh
h{huflvh ri fdofxodwlqj wkh lqwhuqdo udwh ri wkh uhwxuq ri hdfk ri wkh frqvxpswlrq sdwkv
wkdw htxdwhv wkh SGY ri wkh wkh sdwkv1 Wkhuh lv qr reylrxv uhdvrq zk| d uhvsrqghqw
zrxog zdqw wr gr wkdw/ vlqfh wkh wdvn lwvhoi grhv qrw doorz iru eruurzlqj ru ohqglqj1
Uhvsrqghqwv duh dvnhg wr shuirup wkh wdvn looxvwudwhg deryh irxu wlphv1 Wkh wdvnv
uhihu wr glhuhqw uhdol}dwlrqv ri frqvxpswlrq sdwkv jhqhudwhg e| glhuhqw gudzv iurp wkh
glvwulexwlrqv ri   dqg u  1 Wr eh vxuh/ wkh jurzwk udwhv dqg lqwhuhvw udwhv wkdw jhqhudwh
wkh frqvxpswlrq sdwkv ydu| dfurvv uhvsrqghqwv dqg dfurvv wkh irxu wdvnv1 Wkh vdph lv
wuxh ri wkh sdudphwhu  zklfk ghwhuplqhv wkh frqvwdqw frqvxpswlrq sdwk F1 Ilqdoo|/
uhvsrqghqwv duh h{solflwo| wrog wkdw wkh txhvwlrqv duh dvnhg lq d }hur0lq dwlrq vhwwlqj1
51415 Ghvfulswlyh Vwdwlvwlfv
Zh zloo xvh wkh gdwd iurp wkh 5335 h{shulphqw1 Dq hduolhu yhuvlrq ri wklv fkdswhu xvhg
wkh 4<<; gdwd1 Dv rqh fdq vhh iurp wkh ghvfulswlrq ri wkh zd| lq zklfk wkh wdvnv zhuh
jhqhudwhg/ wkh uvw wzr frqvxpswlrq sdwwhuqv suhvhqwhg duh dozd|v grzqzdug vorslqj/
zkhuhdv frqvxpswlrq sdwwhuqv e dqg D duh dozd|v xszdug vorslqj1 Rqh vkrxog suredeo|
vxvshfw wkdw qrw doo uhvsrqghqwv duh htxdoo| frqvflhqwlrxv lq fduu|lqj rxw wkh wdvn ri
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vhohfwlqj wkh rswlpdo frqvxpswlrq sdwk1 Rqh zd| lq zklfk wklv pd| vkrz xs lv lq
urxwlqh vhohfwlrq1 Iru lqvwdqfh/ uhvsrqghqwv pd| dozd|v slfn wkh uvw frqvxpswlrq
sdwk ru dozd|v wkh plggoh rqh/ hwf1 Wklv pd| v|vwhpdwlfdoo| eldv sdudphwhu hvwlpdwhv1 Li
iru lqvwdqfh pdq| uhvsrqghqwv zrxog whqg wr slfn wkh uvw frqvxpswlrq sdwk wklv zrxog
vkrz xs lq rxu dqdo|vlv dv d suhihuhqfh iru grzqzdug vorslqj frqvxpswlrq surohv1 Wkh
reylrxv uhphg| lv wr udqgrpl}h wkh rughu lq zklfk wkh sdwwhuqv duh suhvhqwhg1 Lq wkh
4<<; gdwd qr udqgrpl}dwlrq wrrn sodfh1 Wkh prwlydwlrq iru froohfwlqj wkh 5335 gdwd zdv
suhflvho| wr fruuhfw wklv rplvvlrq1 Khqfh lq wkh 5335 gdwd wkh rughu lq zklfk frqvxpswlrq
sdwkv duh suhvhqwhg lv udqgrpl}hg dfurvv hdfk wdvn1
Wkh vdpsoh frqvlvwv ri DeD revhuydwlrqv1 Krxvhkrogv pd| kdyh pxowlsoh uhvsrqghqwv/
qdpho| wkh khdg ri krxvhkrog dqg wkh vsrxvh1 Zh frqvwuxfwhg wkuhh ohyhov ri hgxfdwlrq=
wkh orz ohyho ri hgxfdwlrq frqvlvwv ri sulpdu| vfkrro/ orz0ohyho kljk vfkrro/ mxqlru kljk
vfkrro/ mxqlru yrfdwlrqdo wudlqlqj/ vshfldo orz0ohyho hgxfdwlrq dqg dssuhqwlfh v|vwhp> wkh
plggoh ohyho ri hgxfdwlrq frqvlvwv ri vhqlru kljk vfkrro dqg vhqlru yrfdwlrqdo wudlqlqj>
wkh kljk ohyho ri hgxfdwlrq frqvlvwv ri yrfdwlrqdo froohjhv dqg xqlyhuvlw| hgxfdwlrq1
Wkhuh duh HD. pdohv dqg SHH ihpdohv dqg wkhlu djhv udqjh iurp 2 wr .S1 Pruh wkdq .DI
ri wkh vdpsoh uhvsrqghqwv kdyh d sduwqhu1 Wkh glvwulexwlrq dfurvv wkh wkuhh hgxfdwlrq
ohyhov lv idluo| xqlirup +Wdeoh 514,1
Wdeoh 514= Glvwulexwlrq ri vdpsoh uhvsrqghqwv dfurvv djh fodvvhv
Djh fodvvhv Jhqghu Ohyho ri Hgxfdwlrq Pdulwdo vwdwxv
Ihp1 Pdohv Orz Plggoh Kljk Vlqjoh Pduulhg
55065 |uv 454 ;< 58 ;8 433 :9 467
66076 55: 564 43; 4;< 494 436 688
77088 4;8 59; 456 487 4:9 <8 68;
89099 << 488 <4 98 <; 7; 539
9:0:8 89 447 97 7: 8< 6: 466
Wrwdo 9;; ;8: 744 873 8<7 68< 44;9
Wdeoh 515 suhvhqwv wkh iuhtxhqf| zlwk zklfk fhuwdlq froxpqv duh fkrvhq1 Rqh revhuyhv
wkdw wkh fkrlfh ri froxpqv lv glvwulexwhg idluo| xqlirupo|/ zlwk shukdsv d voljkw suhihuhqfh
iru wkh uvw dqg wkh wklug froxpqv1
Zkhq frqvlghulqj wkh srvvlelolw| ri urxwlqh vhohfwlrq zh qg wkdw 64 rxw ri wkh
4878 uhvsrqghqwv fkrrvh wkh uvw froxpq dfurvv doo irxu wdvnv1 Lq qr rwkhu fdvh gr zh
4; 51 K|srwkhwlfdo Lqwhuwhpsrudo Frqvxpswlrq Fkrlfhv
Wdeoh 515= Iuhtxhqf| ri frqvxpswlrq sdwwhuqv fkrlfh
Frqv1 sdwwhuq Txhvwlrq 4 Txhvwlrq 5 Txhvwlrq 6 Txhvwlrq 7
Iuht1 ( Iuht1 ( Iuht1 ( Iuht1 (
4 6:< 57186 673 55134 645 5314< 5<7 4<136
5 5;4 4;14< 5<9 4<149 638 4<1:7 5;6 4;165
6 66: 541;4 674 5513: 64< 53198 673 55134
7 58< 491:9 5:9 4:1;9 643 53139 644 53146
8 5;< 4;1:4 5<5 4;1<3 5<< 4<168 64: 53185
Wrwdo 4878 433 4878 433 4878 433 4878 433
qg wkdw d uhvsrqghqw dozd|v fkrrvhv wkh vdph froxpq dfurvv wkh irxu wdvnv1 Wklv fdq
eh frqwudvwhg zlwk wkh uhvxowv ri wkh 4<<; gdwd zkhq zh irxqg wkdw doprvw kdoi ri wkh
uhvsrqghqwv fkrvh wkh vdph froxpq dfurvv wkh irxu wdvnv1
515 Wkh Edvlf Prgho
Dv d vwduwlqj srlqw zh prgho wkh fkrlfh ri frqvxpswlrq sdwk dv wkh uhvxow ri pd{lpl}lqj
dq lqwhuwhpsrudoo| dgglwlyh xwlolw| ixqfwlrq1 Wkdw lv/ d uhvsrqghqw suhihuv d vhtxhqfh ri
frqvxpswlrq ohyhov/ Ef  ( ===> f )  wr dq dowhuqdwlyh vhtxhqfh/ f *  ( ===> f *) / li dqg rqo| li
[
   !  xEf   A

[
   !  xEf
* > +518,
zkhuh xEf lv d frqfdyh xwlolw| ixqfwlrq dqg !  lv wkh zhljkw jlyhq wr xwlolw| lq shulrg
w1 Jlyhq wkdw o lv htxdo wr wkh uhvsrqghqw*v rzq djh/ zh fdq lqwhusuhw shulrg o dv ehlqj
wkh suhvhqw/ zkhuhdv O lv wkh shulrg lq zklfk wkh uhvsrqghqw hlwkhu wxuqv 98/ ru :8/ ru
;81 Wkxv/ ghshqglqj rq d uhvsrqghqw*v djh/ wkh wlph shulrg ryhu zklfk wkh frqvxpswlrq
sdwk lv ghqhg zloo ydu|1 Iru lqvwdqfh/ li d uhvsrqghqw lv 73/ wkh wlph shulrg zloo fryhu
58 |hduv= 730981 Li d uhvsrqghqw lv :8 |hduv ri djh/ wkh wlph shulrg zloo fryhu rqo| 43
|hduv= :80;81 Wkh zruglqj ri wkh txhvwlrq grhv qrw vshfli| wkh frqvxpswlrq ohyho lq |hduv
lq ehwzhhq wkh djhv vshflhg1 Zh zloo lqwhusuhw wkh frqvxpswlrq ohyhov lq wkh txhvwlrqv
dv uhsuhvhqwdwlyh ri d vprrwk sdwk iurp o wr O1 Jlyhq wkh gdwd jhqhudwlqj surfhvv/ wkh
xwlolw| ri d frqvxpswlrq sdwk fdq eh zulwwhq dv d ixqfwlrq ri wkh sdudphwhuv ri wkh gdwd
5151 Wkh Edvlf Prgho 4<
jhqhudwlqj surfhvv/ dv zh zloo vhh ehorz1 Lq rughu wr duulyh dw dq hvwlpdeoh prgho/ zh pdnh
d qxpehu ri dgglwlrqdo dvvxpswlrqv1 Wr ehjlq zlwk zh dvvxph h{srqhqwldo glvfrxqwlqj>
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zkhuh  ghqrwhv wkh glvfrxqw udwh1 Wr doorz iru udqgrp yduldwlrq lq fkrlfhv +iru lqvwdqfh
gxh wr qrq0revhuydeoh yduldwlrq lq suhihuhqfhv,/ zh dgg dq l1l1g1 h{wuhph ydoxh glvwulexwhg
huuru whup wr wkh xwlolw| ixqfwlrq=
x
- ' 7x  n %  s ' > ===> D +51:,
zkhuh x
- uhsuhvhqwv wkh ohyho ri xwlolw| dvvrfldwhg zlwk frqvxpswlrq sdwk l1 Frqvxpswlrq
sdwwhuq l lv fkrvhq +zklfk zh ghqrwh dv g  ' , zkhqhyhu lw |lhogv d ohyho ri xwlolw| juhdwhu








Dffruglqj wr wklv prgho zh wkhq kdyh wkh idploldu orjlw irup iru wkh suredelolw| wkdw
frqvxpswlrq sdwk l lv fkrvhq=
h Eg  '  ' i TE7x  /S0    i TE7x0 
+51<,
Wr forvh wkh prgho/ zh vshfli| wkh irup ri wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq x dqg zh
h{sorlw wkh vshflfv ri wkh gdwd jhqhudwlqj surfhvv1 Iru wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq
zh dgrsw wkh FUUD0vshflfdwlrq=
xEf  E      f   ,1 +5143,
Wkh sdudphwhu  lv wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq dqg
 1 lv wkh LHV1 Dv phqwlrqhg
deryh/ zh fdq zulwh wkh xwlolw| ixqfwlrq +519, dv d ixqfwlrq ri wkh xqghuo|lqj sdudphwhuv ri2
Dowkrxjk zh zloo odwhu jhqhudol}h wklv prgho wr doorz iru kdelw irupdwlrq/ zh zloo pdlqwdlq wkh
dvvxpswlrq ri h{srqhqwldo glvfrxqwlqj wkurxjkrxw1 Wkh prwlydwlrq iru wklv lv wkdw lq wkh k|srwkhwlfdo
dqg orqj whup sodqqlqj frqwh{w wkdw zh vwxg| khuh/ lvvxhv ri vhoi0frqwuro duh pxfk ohvv olnho| wr dulvh1 Lq
wkdw vhqvh wkh uhvxowv suhvhqwhg gr lqghhg uhihu wr g|qdplf fkrlfhv ryhu d orqj krul}rq dqg qrw wr vkruw
whup lqwhuwhpsrudo wudgh rv1
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zkhuh D    n   = Lqvhuwlqj wklv lqwr +519, dqg xvlqj wkh FUUD vshflfdwlrq +5143, zh
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zkhuh x   6 #798:  <; 1
Hdfk uhvsrqghqw lv dvnhg wr fkrrvh irxu wlphv dprqj yh frqvxpswlrq sdwwhuqv1 Wkxv
zh revhuyh irxu fkrlfhv shu uhvsrqghqw1 Hvwlpdwlrq ri wkh xqghuo|lqj sdudphwhuv +> 
e| pd{lpxp olnholkrrg lv vwudljkwiruzdug1 = Lw lv zruwk phqwlrqlqj wkdw rxu phwkrgrorj|
glhuv iurp wkh rqh dgrswhg e| EMNV/ dv wkhvh dxwkruv hvwlpdwh wkh udwh ri wlph suhihuhqfh
dqg wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq e| phdqv ri wkh Hxohu htxdwlrq ghulylqj
iurp d vwdqgdug irupxodwlrq ri wkh frqvxphu*v pd{lpl}dwlrq sureohp1 Zh lqvwhdg gr qrw
dvvxph lqglylgxdov wr vroyh wklv sureohp1 >
51514 Hpslulfdo uhvxowv iru wkh edvlf prgho
Wdeoh 516 suhvhqwv wkh hvwlpdwlrq uhvxowv iru wkh edvlf prgho zlwk udqgrpl}dwlrq1 Wr doorz
iru d suhihuhqfh iru d fhuwdlq froxpq/ zh dgg gxpplhv wr wkh xwlolw| ri hdfk frqvxpswlrq
sdwk fruuhvsrqglqj wr wkh sduwlfxodu froxpq fruuhvsrqglqj wr wkdw frqvxpswlrq sdwk1
Wkh fkrlfh ri wkh uvw froxpq vhuyhv dv d uhihuhqfh fdwhjru|1
Wdeoh 516 vkrzv wkdw wkh uvw dqg wklug froxpq duh prvw olnho| wr eh fkrvhq/ dv zdv
dovr vxjjhvwhg e| Wdeoh 5151 Dowkrxjk wkh froxpq gxpplhv duh vwdwlvwlfdoo| vljqlfdqw
lw lv zruwk phqwlrqlqj wkdw wkhlu pdjqlwxgh lv pxfk ohvv wkdq zkhq hvwlpdwhg rq wkh
4<<; gdwd1 Wkhuh zh qg iru lqvwdqfh wkdw wkh gxpp| iru wkh plggoh froxpq lv htxdo wr
41;9 zlwk d w0ydoxh ri 916<1 Wkxv wkh udqgrpl}dwlrq kdv zlshg rxw prvw ri wkh froxpq
hhfwv/ exw qrw doo ri lw1 Dowkrxjk qrw vljqlfdqw dw wkh 8( ohyho/ wkh hvwlpdwhg ydoxh ri?
Lq wkh fdofxodwlrq ri vwdqgdug huuruv zh fruuhfw iru wkh idfw wkdw wkh irxu fkrlfhv ri d uhvsrqghqw pd|
eh fruuhodwhg gxh wr xqrevhuyhg khwhurjhqhlw|1@
Lq idfw lw lv qrw fohdu zkdw phdqlqj wr dwwdfk wr dq Hxohu htxdwlrq/ dv wkh uhvsrqghqwv rqo| jhw wr
fkrrvh iurp d glvfuhwh qxpehu ri frqvxpswlrq sdwkv1 Wkhuh lv qr uhdvrq wr dvvxph wkdw wkh ehvw fkrlfh
rxw ri wklv olplwhg qxpehu vdwlvhv uvw rughu htxdwlrqv/ qrw lq wkh ohdvw ehfdxvh wkh uhvsrqghqw lv qrw
hyhq lqiruphg derxw wkh sdudphwhuv ri wkh exgjhw frqvwudlqw/ olnh wkh lqwhuhvw udwh1
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Wdeoh 516= Suhihuhqfh sdudphwhuv iru frqvxpswlrq sdwkv +edvlf prgho,
Sdudphwhuv Frh1 v1h1 w0ydoxh
ghowd 013<7 1384 41;7
oq+ukr, 1997 1455 8179
Gxpp| iru froxpq 5 0145; 1377 51;<
Gxpp| iru froxpq 6 1343 1377 156
Gxpp| iru froxpq 7 01468 1377 6137
Gxpp| iru froxpq 8 01433 1377 5163
Orj olnholkrrg 0<<5;17
 +=fbe, lv lq olqh zlwk wkh qglqjv ri EMNV/ zkr qg d suhihuhqfh iru xszdug vorslqj
frqvxpswlrq sdwkv1 Wkh hvwlpdwhg ydoxh ri  +i TE=SSe ' =be, lv vpdoohu wkdq xvxdoo|
irxqg lq wkh olwhudwxuh1 Wkh lpsolhg LHV
 1 ' =D lv odujhu wkdq xvxdoo| irxqg1 Iru
lqvwdqfh/ EMNV +zkr xvh wkh lqglylgxdo gdwd wr ghulyh erxqgv rq lqglylgxdo sdudphwhuv,
uhsruw dq dyhudjh xsshu erxqg rq wkh LHV htxdo wr 31691 Kdoo +4<;;, xvlqj d uhyhdohg
suhihuhqfh uhsuhvhqwdwlyh djhqw dssurdfk hvwlpdwhv wkh LHV wr eh durxqg =1 Zh uhwxuq
wr wklv ehorz/ zkhq zh frqvlghu pruh frpsolfdwhg prghov1
51515 Sdudphwhul}dwlrq ri  dqg 
Zh doorz iru yduldwlrq lq suhihuhqfhv/ e| pdnlqj erwk  dqg  d ixqfwlrq ri revhuydeoh
fkdudfwhulvwlfv1 Rqh vkrxog qrwh wkdw wkh lq xhqfh ri fkdudfwhulvwlfv rq wkh wzr sdudphwhuv
 dqg  lv suredeo| qrw qrq0sdudphwulfdoo| lghqwlhg/ vr lqwhusuhwdwlrq ri wkh vhsdudwh
hvwlpdwhv kdv wr eh lqwhusuhwhg zlwk fduh1 Dv d uh hfwlrq ri wkh whqxrxv lghqwlfdwlrq/ zh
irxqg wkdw frqyhujhqfh zdv vrphwlphv gl!fxow wr dfklhyh li zh lqfoxghg doo revhuydeoh
fkdudfwhulvwlfv lq wkh htxdwlrqv iru erwk sdudphwhuv1 Wkxv zh zhuh irufhg wr lpsrvh
udwkhu duelwudu| h{foxvlrq uhvwulfwlrqv1 Wkh hvwlpdwlrq uhvxowv wkdw |lhoghg wkh kljkhvw
olnholkrrg ydoxh duh jlyhq lq Wdeoh 5171 Wkh lpsuryhphqw lq wkh orj0olnholkrrg ydoxh dv d
uhvxow ri wkh sdudphwhul}dwlrq lv frqvlghudeoh dv rqh fdq vhh iurp d frpsdulvrq ri Wdeohv
517 dqg 5161 Wkh sdudphwhuv ri djh dqg djh vtxduhg duh mrlqwo| vljqlfdqw dw wkh 4( ohyho
iru erwk  dqg 1 Wkh hgxfdwlrq gxpplhv duh mrlqwo| lqvljqlfdqw iru 1 Jhqghu grhv
qrw kdyh dq| vljqlfdqw lpsdfw rq hlwkhu  ru 1 Wkh hhfw ri krxvhkrog lqfrph rq  lv
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vljqlfdqw dw wkh 8( ohyho dqg vxjjhvwv wkdw sdwlhqfh ulvhv zlwk lqfrph/ dv dovr irxqg e|
Odzudqfh +4<<4,1
Wdeoh 517= Suhihuhqfh sdudphwhuv iru frqvxpswlrq sdwkv
Sdudphwhu Frh1 v1h1 w0ydoxh
ghowd
djh 166< 13;; 61;6
djh vtxduhg 1339 1335 6176
jhqghu 01346 1356 318<
plggoh hgxfdwlrq 1334 1347 313<
kljkhu hgxfdwlrq 01345 1344 4144
orj+krxvhkrog lqf1, 01383 133< 817<
frqvwdqw 81454 4168 61:;
oq+ukr,
djh 01363 1339 71:5
djh vtxduhg 1334 13337 6144
jhqghu 134< 137< 316;
frqvwdqw 16;9 1456 6147
Gxpp| iru froxpq 5 01458 1377 51;6
Gxpp| iru froxpq 6 1343 1377 3157
Gxpp| iru froxpq 7 01468 1378 6134
Gxpp| iru froxpq 8 01433 1377 515<
Orj olnholkrrg 0<;:<1<
5161 Kdelw Irupdwlrq 56
516 Kdelw Irupdwlrq
Zh qrz uhod{ wkh dvvxpswlrq ri lqwhuwhpsrudo dgglwlylw| ri wkh xwlolw| ixqfwlrq/ vr wkdw
wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq dq| wzr shulrgv lv qr orqjhu lqghshqghqw ri
wkh ohyho ri frqvxpswlrq lq dq| wzr rwkhu shulrgv1 Wkxv/ zh frqvlghu olih wlph xwlolw|
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zkhuh/ dv ehiruh/ O lv wkh krul}rq/  wkh glvfrxqw udwh/ w ghqrwhv wkh wlph shulrg/ y lv wkh
lqwudwhpsrudo xwlolw| ixqfwlrq/ f  lv frqvxpswlrq lq shulrg w/ dqg }  qrz uh hfwv wkh vwrfn
ri kdelwv1 C Wr frpsohwh wkh prgho zh kdyh wr ghvfuleh wkh hyroxwlrq ri wkh vwrfn ri kdelwv1
Zh frqvlghu wzr dowhuqdwlyh fdvhv= Iluvw rughu Pdunry +DU, kdelwv dqg Prylqj Dyhudjh
+PD, kdelwv1 Wkh iruphu lv wkh vlpsohvw fdvh/ zkhuh zh vshfli| wkh lqwudwhpsrudo xwlolw|
ixqfwlrq dv yEkEf    kE}  / kE= ehlqj d prqrwrqlfdoo| lqfuhdvlqj ixqfwlrq1 Lq wkh PD
fdvh zh ohw kdelwv hyroyh dffruglqj wr kE}   ' kE}  A   nEkEf  A   >zlwk f ?  ? = Lq
wkh uhpdlqghu zh fkrrvh wkh orjdulwkp iru wkh ixqfwlrq kE== Lq frqwudvw wr wkh suhylrxv
fdvh/ kdelwv qrz kdyh dq lqqlwh phpru|1 Wkh ghwdlohg ghulydwlrq ri wkh xwlolw| ixqfwlrq
iru erwk vshflfdwlrqv duh uhsruwhg lq Dsshqgl{ D1
51614 Wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq iru wkh prgho
zlwk kdelw irupdwlrq
Wkh lqwurgxfwlrq ri kdelw irupdwlrq euhdnv wkh wljkw olqn ehwzhhq wkh frh!flhqw ri uhodwlyh
ulvn dyhuvlrq dqg wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq1 D Ehorz zh suhvhqw wkh LHV
iru wkh prgho zlwk prylqj dyhudjh kdelw irupdwlrq1 Wklv dovr fryhuv wkh DU0fdvh/ dv wkh
DU0fdvh lv d vshfldo fdvh ri PD/ rewdlqhg e| vhwwlqj  ' f1 Rxu ghulydwlrq forvho| iroorzv
Fduuroo +5333,/ zkr surylghv d ghulydwlrq ri wkh Hxohu htxdwlrq zlwk d voljkwo| glhuhqw
vshflfdwlrq ri kdelw irupdwlrq1 Wkh ghwdlohg ghulydwlrq lv uhsruwhg lq Dsshqgl{ E1 Khuh
zh rqo| suhvhqw wkh LHV iru wkh vwhdg| vwdwh1 Wklv wxuqv rxw wr eh dssur{lpdwho| htxdo
wr=E
Qrwlfh wkdw lq wklv frqwh{w zh rqo| ghdo zlwk udwlrqdo kdelw irupdwlrq +fi1/ h1j/ Vslqqhzlmq/ 4<;4, dv
wkh uhvsrqghqwv duh dvvxphg wr frqvlghu wkh zkroh frqvxpswlrq sdwk1F
Ri frxuvh/ kdelw irupdwlrq lv qrw wkh rqo| zd| wr euhdn wkh olqn ehwzhhq ulvn dyhuvlrq dqg lqwhuwhp0
srudo vxevlwxwlrq/ fi1 h1j1/ Hsvwhlq dqg ]lq +4<;</ 4<<4,1
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LHV  
n    +5146,
51615 Hpslulfdo uhvxowv iru wkh prghov zlwk kdelw irupdwlrq
Zh hvwlpdwh DU dqg PD vshflfdwlrqv/ erwk zlwk dqg zlwkrxw sdudphwhul}dwlrq ri wkh
suhihuhqfh sdudphwhuv1 Wkh hvwlpdwlrq uhvxowv iru wkh DU dqg PD vshflfdwlrqv zlwkrxw
sdudphwhul}dwlrq duh uhsruwhg lq Wdeohv 518 dqg 519/ uhvshfwlyho|1 Iru doo fdvhv/ wkh qxpehu
ri revhuydwlrqv lv 4878/ dv lq wkh suhylrxv vhfwlrqv1 Lq wkh vshflfdwlrq ri wkh vwrfn ri
kdelwv zh idfh wkh sureohp wkdw zh gr qrw nqrz }  1 Vrphzkdw duelwudulo| zh kdyh vhw
}  htxdo wr =b wlphv krxvhkrog lqfrph1 H{shulphqwv zkhuh wkh qxpehu =b lv uhsodfhg e|
uhvshfwlyho| =bD/ =H/ dqg =. |lhog hvwlpdwlrq uhvxowv wkdw duh frpsdudeoh wr wkh uhvxowv zh
suhvhqw ehorz1
Wkh orj0olnholkrrg ydoxhv duh bb2=2 iru wkh DU0vshflfdwlrqiru wkh DU0vshflfdwlrq
dqg bHbe= dqg iru wkh PD0vshflfdwlrq1 Wkh hvwlpdwhv ri  dqg  duh txlwh vlplodu lq
erwk vshflfdwlrqv1 Dv lq Wdeoh 516 zh qg d qhjdwlyh wlph suhihuhqfh udwh/ zklfk lv lq
olqh zlwk wkh uhvxowv ri EMNV/ exw dw yduldqfh zlwk pxfk ri wkh olwhudwxuh glvfxvvhg lq wkh
Lqwurgxfwlrq1 Wkh sdudphwhuv  dqg  duh erwk ehwzhhq }hur dqg rqh dqg vljqlfdqwo|
glhuhqw iurp }hur1 Wkhvh uhvxowv lqglfdwh wkdw +udwlrqdo, kdelwv sod| dq lpsruwdqw uroh
lq wkh fkrlfh ri frqvxpswlrq sdwkv1 Wkh prvw vwulnlqj glhuhqfh ehwzhhq wkh uhvxowv
suhvhqwhg lq Wdeohv 518 dqg 519 dqg wkh uhvxowv suhvhqwhg lq Wdeoh 516 +wkh vshflfdwlrq
zlwkrxw kdelw irupdwlrq, olhv lq wkh ydoxh ri = Wkh hvwlpdwhv lq Wdeohv 518 dqg 519 lpso|
pxfk pruh fxuydwxuh wkdq wkh hvwlpdwh iurp Wdeoh 5161 Wkh vwhdg| vwdwh LHV lpsolhg
e| Wdeoh 518 lv =D./ zkhuhdv wkh vwhdg| vwdwh LHV lpsolhg e| Wdeoh 519 lv htxdo wr =D1
Wkhvh ydoxhv duh derxw htxdo wr wkh hvwlpdwh ri wkh LHV lpsolhg e| wkh hvwlpdwh ri  lq
Wdeoh 516 +=D,1 Wkxv zh qg wkdw wkh ydoxh ri wkh LHV lv txlwh urexvw zlwk uhvshfw wr wkh
vshflfdwlrq ri kdelw irupdwlrq1 Exw wkh fxuydwxuh ri wkh xwlolw| ixqfwlrq lpsolhg e| wkh
hvwlpdwh ri  lv pxfk odujhu lq wkh vshflfdwlrq zlwk kdelw irupdwlrq wkdq zlwkrxw1
Dv ehiruh/ zh kdyh sdudphwhul}hg wkh sdudphwhuv ri lqwhuhvw +/ oq> / dqg , e| pdn0
lqj wkhp ghshqghqw rq uhvsrqghqw fkdudfwhulvwlfv1 Vlqfh/ dv qrwhg deryh/ lghqwlfdwlrq
ri wkh hhfwv ri edfnjurxqg yduldeohv rq wkh sdudphwhuv lv rqo| lghqwlhg e| ixqfwlrqdo
irup zh devwdlq iurp suhvhqwlqj wkh p|uldg ri sdudphwhu hvwlpdwhv1 Zh rqo| qrwh wkdw
wkh orj0olnholkrrg iru wkh DU prgho zlwk sdudphwhul}dwlrq lqfuhdvhv wr b..D=2/ zklfk
lv wr eh frpsduhg wr wkh orj0olnholkrrg ydoxh lq Wdeoh 518 +bb2=2,1 Dwwhpswv wr dovr
sdudphwhul}h wkh PD0prgho ohdg wr d olnholkrrg wkdw lv voljkwo| kljkhu/ exw frqyhujhqfh
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dsshduhg kdug wr dfklhyh1 Wkh odwwhu lqglfdwhv wkdw pdnlqj wkh irxu glhuhqw sdudphwhuv
ghshqghqw rq wkh vdph edfnjurxqg fkdudfwhulvwlfv lv pruh wkdq wkh gdwd fdq ehdu1
517 Frqfoxglqj Uhpdunv
Rxu dqdo|vlv lv edvhg rq lqirupdwlrq iurp gluhfw txhvwlrqv derxw k|srwkhwlfdo lqwhuwhp0
srudo frqvxpswlrq fkrlfhv1 Lq frpsdulvrq zlwk uhyhdohg suhihuhqfh dssurdfkhv/ wkh xvh
ri gluhfw txhvwlrqlqj wr holflw g|qdplf suhihuhqfhv ryhu frqvxpswlrq kdv wkh dgydqwdjh ri
vlpsolflw| dqg wkh dyrlgdqfh ri vwurqj dvvxpswlrqv rq wkh frqvwudlqwv idfhg e| dq lqglylg0
xdo1 Rq wkh rwkhu kdqg ri frxuvh/ lw lv vwloo d pdmru vwhs wr lqfrusrudwh wkh suhihuhqfhv zh
kdyh holflwhg lq d prgho ri dfwxdo ehkdylrxu1 Dv EMNV zh qg iru lqvwdqfh wkdw frqvxphuv
duh yhu| sdwlhqw +wkh wlph suhihuhqfh udwh lv qhjdwlyh, ru htxlydohqwo| wkdw frqvxphuv suh0
ihu xszdug vorslqj frqvxpswlrq surohv1 Wkh idfw wkdw rwkhu vwxglhv dsshdu wr qg odujh
dqg srvlwlyh wlph suhihuhqfh udwhv pd| lqglfdwh wkdw vhoi0frqwuro lv d pdmru sureohp lq
dfwxdo ehkdylrxu1 Zlwk vrph h{fhswlrqv/ vhoi0frqwuro lv vwloo qrw prghoohg h{whqvlyho| lq
hfrqrplf prghov ri lqwhuwhpsrudo fkrlfh1
Lw lv ri lqwhuhvw wr qrwh wkdw wkh hvwlpdwh ri wkh LHV dsshduv wr eh txlwh urexvw zlwk
uhvshfw wr wkh glhuhqw dvvxpswlrqv uhjduglqj kdelw irupdwlrq1 Wkh frh!flhqw ri uhodwlyh
ulvn dyhuvlrq krzhyhu fkdqjhv vxevwdqwldoo| dfurvv vshflfdwlrqv1 Lq lwvhoi wklv ghprq0
vwudwhv wkh lpsruwdqfh ri euhdnlqj wkh frqqhfwlrq ehwzhhq LHV dqg ulvn dyhuvlrq lq lq0
whuwhpsrudo prghov1 Wkh pdlq qglqj ri rxu hpslulfdo dqdo|vlv pd| eh wkh uhmhfwlrq ri
lqwhuwhpsrudo dgglwlylw|1
Wkh vhw0xs ri wkh txhvwlrqqdluh fdq eh ixuwkhu lpsuryhg1 Wkh zd| wkh frqvxpswlrq
sdwkv kdyh ehhq suhvhqwhg e| jlylqj frqvxpswlrq ohyhov dw vshflhg djhv srwhqwldoo| ohdgv
wr dpeljxlw|1 D ehwwhu zd| wr suhvhqw frqvxpswlrq sdwkv pd| eh wr vkrz ixoo judskv wr
uhvsrqghqwv/ ru wr dvvljq doo uhvsrqghqwv wkh vdph krul}rq ri whq |hduv +vd|,1 Zh frxog
wkhq dovr v|vwhpdwlfdoo| ydu| wkh krul}rq dqg lqyhvwljdwh wkh hhfw ri wklv rq wkh holflwhg
fkrlfhv1 Wkhvh duh h{shulphqwv ohiw iru ixwxuh zrun1
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Wklv fkdswhu h{sorlwv gluhfw phdvxuhv ri ulvn suhihuhqfhv lq d prgho ri krxvhkrog sruwirolr
doorfdwlrq1 Wkhuh duh wzr pdlq prwlydwlrqv iru wklv1 Wkh uvw rqh lv wkdw li khwhurjhqhlw|
lq ulvn suhihuhqfhv lv lpsruwdqw wkhq hpslulfdo sruwirolr prghov vkrxog wdnh wklv lqwr
dffrxqw1 Wkh vhfrqg prwlydwlrq lv wkdw hfrqrplf wkhru| kdv d idlu dprxqw wr vd| derxw
krz ulvn suhihuhqfhv vkrxog lq xhqfh sruwirolr doorfdwlrq1 Kdylqj gluhfw phdvxuhv ri ulvn
suhihuhqfhv vkrxog wkhuhiruh khos xv lq ehwwhu whvwlqj wkh ydolglw| ru suhglfwlyh srzhu ri
hfrqrplf wkhrulhv ri sruwirolr doorfdwlrq1
Hpslulfdo dqdo|vhv ri sruwirolr fkrlfh ri krxvhkrogv ru lqglylgxdov dsshdu wr lqglfdwh
wkdw revhuyhg fkrlfhv duh riwhq lqfrqvlvwhqw zlwk vwdqgdug dvvhw doorfdwlrq prghov1 Dv d
frqvhtxhqfh/ vhyhudo vwxglhv kdyh irfxvhg rq hpslulfdo idloxuhv ri sruwirolr wkhru|1 Wkh
juhdwhvw idloxuh lv shukdsv wkh idfw wkdw wkh pdmrulw| ri lqglylgxdov gr qrw krog ixoo|
glyhuvlhg sruwirolrv/ dowkrxjk wkh shufhqwdjh ri krxvhkrogv kroglqj ulvn| dvvhwv kdv lq0
fuhdvhg ryhu wkh odvw ghfdgh +Kdoldvvrv dqg Kdvvdslv/ 5333,1 D srwhqwldo h{sodqdwlrq iru
wkh idfw wkdw pdq| krxvhkrogv gr qrw krog vwrfnv pd| eh olh lq wkh frvwv ri vwrfn pdunhw
sduwlflsdwlrq +Ylvvlqj0Mrujhqvhq/ 5333,1
Wkh vxe0rswlpdo ghjuhh ri lqwhuqdwlrqdo glyhuvlfdwlrq nqrzq dv krph dvvhw eldv
lv srwhqwldoo| dqrwkhu hpslulfdo idloxuh1 Lw kdv ehhq dqdo|}hg/ dprqj rwkhuv/ e| Iuhqfk
dqg Srwhued +4<<3/ 4<<4,/ Whvdu dqg Zhuqhu +4<<5/ 4<<7/ 4<<8,/ Frrshu dqg Ndsodqlv
+4<<7,/ Jodvvpdq dqg Ulgglfn +5334,/ dqg Mhupdqq+5335,1 Srvvleoh uhdvrqv iru wkh ryhu0
lqyhvwphqw lq grphvwlf dvvhwv kdyh ehhq lghqwlhg lq glhuhqw wudqvdfwlrq frvwv ehwzhhq
frxqwulhv/ dgglwlrqdo vrxufhv ri ulvn iru iruhljq lqyhvwphqwv dqg h{solflw rplvvlrq ri dvvhwv
iurp wkh lqyhvwru*v rssruwxqlw| vhw1
D pruh ixqgdphqwdo slhfh ri hylghqfh djdlqvw wkh udwlrqdo prgho ri sruwirolr doorfd0
wlrq lv surylghg e| Ehqduw}l dqg Wkdohu +5334, zkr qg wkdw wkh doorfdwlrq ri lqyhvwruv
lv khdylo| ghshqghqw xsrq wkh fkrlfhv rhuhg wr wkhp1 Urxjko| vshdnlqj/ li wkh| duh
rhuhg q fkrlfhv wkh| whqg wr doorfdwh
 G ri wkhlu lqyhvwphqw wr hdfk ri wkh fkrlfhv rhuhg/
lqghshqghqw ri wkh ulvn fkdudfwhulvwlfv ri wkh lqyhvwphqw rssruwxqlwlhv1
Dowkrxjk wkhvh qglqjv vxjjhvw wkdw wkh udwlrqdo prgho ri fkrlfh lv xqdeoh wr h{sodlq
vhyhudo hpslulfdo skhqrphqd/ lw lv riwhq kdug wr ghwhuplqh lq pruh ghwdlo zkdw wkh xq0
ghuo|lqj fdxvh ri glvsdulwlhv ehwzhhq wkhru| dqg hpslulfdo idfwv pd| eh1 Wkh frqqhfwlrq
ehwzhhq wkhru| dqg hpslulfdo hylghqfh lv riwhq whqxrxv/ ehfdxvh wrr pdq| lqwhuyhqlqj
idfwruv pd| h{sodlq zk| wkhruhwlfdo suhglfwlrqv duh qrw eruqh rxw e| gdwd1 Iru wklv uhdvrq
vrph dxwkruv kdyh wxuqhg wr pruh gluhfw/ vxemhfwlyh hylghqfh rq suhihuhqfhv wr uhgxfh
6141 Lqwurgxfwlrq 5<
wkh glvwdqfh ehwzhhq wkhru| dqg hpslulfdo idfwv1 D surplqhqw h{dpsoh lv wkh sdshu e|
Eduvn| hw do1 +4<<:, zkr holflw vhyhudo slhfhv ri vxemhfwlyh lqirupdwlrq wr lpsuryh rxu
xqghuvwdqglqj ri lqwhuwhpsrudo fkrlfh dqg sruwirolr doorfdwlrq1
Lq wklv fkdswhu zh dovr dlp wr h{sorlw vxemhfwlyh lqirupdwlrq wr frqvwuxfw hpslulfdo
plfur0prghov ri sruwirolr fkrlfh1 Lq frqwudvw zlwk wkh zrun e| Eduvn| hw do1 +4<<:,
dqg Duurqgho +5333,/ rxu prgho zloo eh d irupdo vwuxfwxudo prgho ri sruwirolr fkrlfh/
lq zklfk zh frqvlghu vhyhudo glhuhqw phdvxuhv ri ulvn dwwlwxgh1 Rqh phdvxuh lv edvhg
rq k|srwkhwlfdo fkrlfhv ehwzhhq xqfhuwdlq lqfrph vwuhdpv lq d krxvhkrog vxuyh|/ dqg
forvho| uhodwhg wr wkh diruhphqwlrqhg zrun e| Eduvn| hw do1 +4<<:, dqg Duurqgho +5333,1
Wkh Eduvn| hw do1 phdvxuh kdv d qlfh gluhfw lqwhusuhwdwlrq li lqglylgxdov kdyh FUUD
suhihuhqfhv1 Zh zloo qg krzhyhu/ wkdw wkh phdvxuh dovr kdv wkhruhwlfdo dqg hpslulfdo
sureohpv1 Khqfh zh dovr frqvlghu dowhuqdwlyh phdvxuhv ri ulvn dwwlwxgh1 Zh uhodwh wkh
glhuhqw phdvxuhg ulvn dwwlwxghv wr revhuyhg sruwirolr fkrlfhv ri krxvhkrogv1 Wr ghdo zlwk
lqfrpsohwh sruwirolrv/ zh vhw xs d vlpsoh udwlrqlqj prgho wkdw fdq hqgrjhqrxvo| jhqhudwh
fruqhu vroxwlrqv lq sruwirolr doorfdwlrq1 Wkxv/ zh irupxodwh dqg hvwlpdwh d frpsohwh
v|vwhp ri sruwirolr ghpdqg htxdwlrqv lqfrusrudwlqj vxemhfwlyh phdvxuhv ri ulvn dyhuvlrq1
Wkh prgho lv forvho| uhodwhg wr udwlrqdo sruwirolr wkhru| dqg vhhpv wr gr d uhdvrqdeoh
mre lq ghvfulelqj glhuhqfhv lq doorfdwlrq dfurvv lqglylgxdov zkr glhu lq vrflr0hfrqrplf
fkdudfwhulvwlfv/ zhdowk/ dqg ulvn dwwlwxghv1
Wkh fkdswhu lv rujdql}hg dv iroorzv1 Lq wkh qh{w Vhfwlrq 615 zh ghvfuleh wkh gdwd
zh xvh lq wkh dqdo|vlv1 Lq sduwlfxodu zh suhvhqw ghvfulswlyh vwdwlvwlfv rq wkh ydulrxv ulvn
dwwlwxgh phdvxuhv dqg rq wkh sruwirolr frpsrvlwlrq ri krxvhkrogv1 Vhfwlrq 616 glvfxvvhv
vrph uhvxowv iurp wkh olwhudwxuh uhjduglqj wkh fodvvlfdo wkhru| ri sruwirolr fkrlfh1 Edvhg
rq wkhvh uhvxowv zh irupxodwh lq Vhfwlrq 617 d vlpsoh vwdwlf dvvhw doorfdwlrq prgho zlwk
udwlrqlqj1 Wkh udwlrqlqj hphujhv dv wkh uhvxow ri fruqhu vroxwlrqv +l1h1 wkh h{lvwhqfh ri
lqfrpsohwh sruwirolrv,1 Zh wkhq ghulyh dq hfrqrphwulf prgho zlwk vzlwfklqj uhjlphv/
zkhuh hdfk uhjlph lv fkdudfwhul}hg e| d sduwlfxodu dvvhw rzqhuvkls sdwwhuq1 Wkh prgho
kdv wzr frpsrqhqwv= wkh uvw frpsrqhqw ghwhuplqhv wkh uhjlph/ dqg wkh vhfrqg frpsr0
qhqw ghvfulehv sruwirolr vkduhv ri dvvhwv frqglwlrqdo rq wkh uhjlph1 Vhfwlrq 618 suhvhqwv
hpslulfdo uhvxowv dqg Vhfwlrq 619 frqfoxghv wkh fkdswhu1
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Wkh gdwd xvhg lq wklv fkdswhu kdyh ehhq froohfwhg iurp wkh krxvhkrogv lq wkh vr0fdoohg
FhqwHUsdqho1 Wkh FhqwHUsdqho lv uhsuhvhqwdwlyh ri wkh Gxwfk srsxodwlrq/ frpsulvlqj
vrph 5333 krxvhkrogv lq wkh Qhwkhuodqgv1 Wkh phpehuv ri wkrvh krxvhkrogv dqvzhu d
txhvwlrqqdluh dw wkhlu krph frpsxwhuv hyhu| zhhn1 Wkhvh frpsxwhuv pd| hlwkhu eh wkhlu
rzq frpsxwhu ru d SF surylghg e| FhqwHUgdwd/ wkh djhqf| uxqqlqj wkh sdqho H 1 Lq
wkh zhhnhqgv ri Dxjxvw :043 dqg Dxjxvw 4704: ri 4<<; d txhvwlrqqdluh zdv hoghg zlwk
d odujh qxpehu ri vxemhfwlyh txhvwlrqv rq k|srwkhwlfdo fkrlfhv1 Wkh txhvwlrqqdluh zdv
uhshdwhg lq wkh zhhnhqgv ri Qryhpehu 53056 dqg Qryhpehu 5:063 ri 4<<; iru wkrvh sdqho
phpehuv zkr kdg qrw uhvsrqghg |hw1 Iru wklv fkdswhu zh h{sorlw wkh vhfwlrq lqyroylqj
fkrlfhv ryhu xqfhuwdlq olihwlph lqfrphv1 Zh phujh wkhvh gdwd zlwk gdwd iurp wkh FhqwHU
Vdylqjv Vxuyh| +FVV,1 Wkh FVV froohfwv gdwd rq dvvhwv/ oldelolwlhv/ ghprjudsklfv/ zrun/
krxvlqj/ pruwjdjhv/ khdowk dqg lqfrph/ dqg pdq| vxemhfwlyh yduldeohv +h1j1 h{shfwdwlrqv/
vdylqjv prwlyhv, iurp dqqxdo lqwhuylhzv zlwk sduwlflsdqwv lq wkh FhqwHUsdqho1 W|slfdoo|
wkh txhvwlrqv iru wkh FVV duh dvnhg lq Pd| ri hdfk |hdu/ gxulqj d qxpehu ri frqvhfxwlyh
zhhnhqgv1
Zh glvfxvv frqvhfxwlyho| wkuhh phdvxuhv ri ulvn dyhuvlrq holflwhg iurp wkh uhvsrqghqwv
lq wkh vdpsoh1
61514 Fkrlfhv ri xqfhuwdlq olihwlph lqfrph
Rxu uvw phdvxuh lv edvhg rq d qxpehu ri txhvwlrqv lqyroylqj ulvn| fkrlfhv ryhu olihwlph
lqfrphv1 Wklv phwkrgrorj|/ wdnhq iurp Eduvn| hw do1 +4<<:, +EMNV/ iurp qrz rq,/
doorzv xv wr udqn lqglylgxdov zlwk uhvshfw wr wkhlu ulvn dyhuvlrq zlwkrxw kdylqj wr dvvxph
d sduwlfxodu ixqfwlrqdo irup iru wkh xwlolw| ixqfwlrq1
Lq wkh EMNV h{shulphqw/ txhvwlrqv duh srvhg wr doo uhvsrqghqwv/ frqvlvwlqj ri lqgl0
ylgxdov djhg ryhu 831 Duurqgho +5333, dvnhg wkh txhvwlrqv wr d uhsuhvhqwdwlyh vdpsoh ri
Iuhqfk krxvhkrogv1 Lq rxu fdvh/ wkh txhvwlrqv duh dvnhg rqo| wr shrsoh zkr kdyh d mre
dqg zkr duh wkh pdlq euhdgzlqqhu lq d krxvhkrog +l1h1 wkh shuvrq lq wkh krxvhkrog zkr
eulqjv lq wkh odujhvw dprxqw ri prqh|,1
I
Wkh ghvfulswlrq uhihuv wr wkh wlph ri wkh vxuyh|1 Qrzdgd|v/ FhqwHUgdwd grhv qrw surylgh d SF dq|
orqjhu exw d vhw0wrs er{1
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Wkh vwuxfwxuh ri wkh txhvwlrqv lv ghslfwhg lq Iljxuh 6141 Lq wkh uvw urxqg/ uhvsrqghqwv
duh dvnhg wkh iroorzlqj txhvwlrq=
Lpdjlqh |rxu grfwru uhfrpphqgv wkdw |rx pryh ehfdxvh ri doohujlhv1 \rx iroorz klv
dgylfh/ dqg lw wxuqv rxw |rx kdyh wr fkrrvh ehwzhhq wzr srvvleoh mrev1 Erwk mrev duh derxw
htxdoo| ghpdqglqj +iru h{dpsoh/ erwk mrev lqyroyh wkh vdph qxpehu ri zrunlqj krxuv shu
zhhn,/ exw wkh lqfrph lq rqh mre lv pxfk pruh fhuwdlq wkdq wkh lqfrph lq wkh rwkhu mre1
Wkh uvw mre jxdudqwhhv |rxu fxuuhqw lqfrph iru wkh uhvw ri |rxu olih1 Lq dgglwlrq/
zh dvvxph wkdw lqfrph rwkhu phpehuv ri |rxu krxvhkrog pd| kdyh/ zloo dovr uhpdlq
xqfkdqjhg1 Lq wklv vlwxdwlrq/ |rx nqrz iru vxuh wkdw gxulqj wkh uhpdlqghu ri |rxu olih/
wkh qhw lqfrph ri |rxu krxvhkrog zloo eh htxdo wr G 1 \ 1
Wkh vhfrqg mre lv srvvleo| ehwwhu sd|lqj/ exw wkh lqfrph lv dovr ohvv fhuwdlq1 Lq wklv
mre/ wkhuh lv d 83( fkdqfh wkdw |rx zloo hduq vr pxfk wkdw wkh lqfrph ri |rxu krxvhkrog
zloo eh grxeohg iru wkh uhvw ri |rxu olih/ wkdw lv/ eh htxdo wr G 1 \ {51
Wkhuh lv/ krzhyhu/ dq htxdoo| elj fkdqfh +83(, wkdw |rx zloo hduq vxevwdqwldoo| ohvv lq
wkh vhfrqg mre1 Lq wkh odwwhu fdvh/ wkh qhw prqwko| lqfrph ri |rxu krxvhkrog zloo iru wkh
uhvw ri |rxu olih eh htxdo wr G 1 \ {3:1
Zklfk mre zrxog |rx wdnhB
4 wkh mre zlwk wkh jxdudqwhhg {hg krxvhkrog lqfrph ri G 1 \
5 wkh mre wkdw lqyroyhv d 83( fkdqfh wkdw wkh lqfrph ri |rxu krxvhkrog zloo iru wkh
uhvw ri |rxu olih eh htxdo wr G 1 \ {5/ exw dovr lqyroyhv d 83( fkdqfh wkdw wkh lqfrph ri
|rxu krxvhkrog zloo iru wkh uhvw ri |rxu olih eh htxdo wr \ {3:1
Ydulrxv txdqwlwlhv lq wkh txhvwlrq ydu| shu uhvsrqghqw/ h{sorlwlqj wkh frpsxwhul}hg
qdwxuh ri wkh lqwhuylhzv1 Wkh txdqwlw| \ lv wkh uhvsrqghqw*v vhoiuhsruwhg diwhu wd{ krxvh0
krog lqfrph1 \ {2 lv wzlfh wkh krxvhkrog lqfrph> \ {f. lv krxvhkrog lqfrph wlphv 1:/
hwf1 Wklv lv lq frqwudvw wr wkh h{shulphqwv e| EMNV dqg Duurqgho +5333,/ lq zklfk wkh
lqfrphv zhuh wkh vdph iru doo lqglylgxdov1 Reylrxvo|/ wkh txhvwlrq lqyroyhv d fkrlfh eh0
wzhhq d fhuwdlq dqg dq xqfhuwdlq rxwfrph= wkh iruphu lv jlyhq e| wkh dfwxdo lqfrph wkh
uhvsrqghqw uhfhlyhv +\ ,/ wkh odwwhu lv d 83083 jdpeoh ryhu d jrrg rxwfrph +\ {2, dqg d
edg rxwfrph +v {3: ,1
Lq wkh vhfrqg urxqg hdfk lqglylgxdo lv dvnhg d vlplodu txhvwlrq1 Li vkh kdv fkrvhq wkh
fhuwdlq rxwfrph +\ , lq wkh uvw urxqg/ vkh qrz idfhv dqrwkhu jdpeoh zkhuh wkh ulvn|
rxwfrph lv pruh dwwudfwlyh1 Wkh 83083 jdpeoh qrz lqyroyhv \ {2 dqg \ {fH +1; wlphv
lqfrph,1 Li vkh kdv fkrvhq wkh ulvn| survshfw lq wkh uvw urxqg/ vkh lv qrz dvnhg wr
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fkrrvh ehwzhhq khu lqfrph iru vxuh dqg d ohvv dwwudfwlyh jdpeoh/ l1h1 83( fkdqfh ri \ {2
dqg 83( fkdqfh ri \ {fD1
Vlploduo|/ lq wkh wklug urxqg wkh jdpeoh ehfrphv pruh dwwudfwlyh iru wkrvh uhvsrqghqwv
zkr kdyh rqfh djdlq fkrvhq d fhuwdlq lqfrph vwuhdp lq wkh vhfrqg urxqg +wkh 83083 jdpeoh
qrz lqyroyhv \ {2 dqg \ {fb,/ dqg ohvv dwwudfwlyh iru wkrvh uhvsrqghqwv zkr suhihuuhg wkh
ulvn| fkrlfh +wkh 83083 jdpeoh qrz lqyroyhv \ {2 dqg \ {f2D,
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Iljxuh 614= Fkrlfhv ri xqfhuwdlq olihwlph lqfrph
Wkh dqvzhuv wr wkh txhvwlrqv doorz xv wr lghqwli| vl{ jurxsv udqnhg iurp prvw ulvn
dyhuvh wr ohdvw ulvn dyhuvh +ru htxlydohqwo| iurp ohdvw ulvn wrohudqw wr prvw ulvn wrohudqw>
zh zloo jhqhudoo| ghqrwh wkh yduldeoh ghqhg e| wkh vl{ fodvvhv dv ulvn wrohudqfh,1 Erwk
wkh EMNV vwxg| dqg Duurqgho*v lqyroyh rqo| wzr urxqgv ri txhvwlrqv udwkhu wkdq wkuhh
dv rxuv1 Iru frpsdulvrq zh whpsrudulo| frpelqh wkh wzr prvw h{wuhph jurxsv lqwr rqh1
Wkxv zh kdyh irxu fdwhjrulhv ri lqglylgxdov/ iurp L wr LY/ zkhuh wkh L0jurxs lv wkh xqlrq
ri wkh 4 dqg wkh 5 jurxsv dqg wkh LY0jurxs lv wkh xqlrq ri wkh 8 dqg 9 jurxsv1 Zh fdq
wkhq frpsduh wkh ulvn wrohudqfh dfurvv wkh wkuhh vwxglhv1 Wdeoh 614 jlyhv wkh uhvxowv1 Wr
idflolwdwh d frpsdulvrq zlwk wkh EMNV vwxg| zh vsolw rxu vdpsoh lq wzr djh jurxsv= 83
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dqg |rxqjhu dqg ryhu 83
+
1
Dq xqiruwxqdwh dvshfw ri wkh vdpsoh vhohfwlrq +uhvsrqghqwv ehlqj hpsor|hg dqg ehlqj
wkh pdlq euhdgzlqqhu, lv wkdw lw vhyhuho| olplwv wkh qxpehu ri revhuydwlrqv1 Wklv fohduo|
uhgxfhv wkh srvvlelolw| ri rewdlqlqj vwdwlvwlfdoo| vljqlfdqw uhvxowv1 Nhhslqj wklv lq plqg/
d frpsdulvrq ehwzhhq Iudqfh dqg Wkh Qhwkhuodqgv rq wkh edvlv ri wkh frpsohwh djh udqjh
vxjjhvwv wkdw wkhuh lv d juhdwhu vsuhdg ri ulvn dyhuvlrq lq Wkh Qhwkhuodqgv wkdq lq Iudqfh1
Wkh Gxwfk uhvsrqghqwv duh pruh khdylo| uhsuhvhqwhg lq wkh wzr h{wuhph fdwhjrulhv +doprvw
86( ri wkh Gxwfk ehorqj wr wkh prvw ulvn dyhuvh jurxs frpsduhg wr 76( ri wkh Iuhqfk/
zkhuhdv 45( ri wkh Gxwfk ehorqj wr wkh ohdvw ulvn dyhuvh jurxs frpsduhg wr 9( iru wkh
Iuhqfk,1 Vxpplqj wkh shufhqwdjhv ri wkh uvw wzr jurxsv dqg wkh shufhqwdjhv ri wkh
odvw wzr jurxsv uhvshfwlyho|/ vxjjhvwv wkdw wkh Gxwfk duh ohvv ulvn dyhuvh wkdq wkh Iuhqfk
+rqo| 9<18( ri wkh Gxwfk ehorqj wr wkh uvw wzr jurxsv frpsduhg wr ;518( ri wkh Iuhqfk/
zkhuhdv 6318( ri wkh Gxwfk ehorqj wr wkh odvw wzr jurxsv frpsduhg wr 4:18( ri wkh
Iuhqfk,1
Frqvlghulqj wkh vxevdpsohv ri uhvsrqghqwv ryhu 83/ lw dsshduv wkdw wkh Gxwfk kdyh
vlplodu ulvn suhihuhqfhv wr wkh Dphulfdqv/ dowkrxjk wkh Dphulfdqv pd| eh voljkwo| pruh
ulvn wrohudqw wkdq wkh Gxwfk1 Frpsduhg wr wkh Gxwfk dqg wkh Dphulfdqv/ wkh Iuhqfk
dsshdu wr eh pxfk pruh ulvn dyhuvh1
Wdeoh 614= Ulvn Wrohudqfh lq wkh XVD/ Iudqfh dqg Wkh Qhwkhuodqgv
Wrwdo vdpsoh Uhvsrqghqwv ryhu 83
Jurxs Iudqfh Qhwk1 XVD Iudqfh Qhwk1
L 7614 851; 9719 7;19 9916
LL 6<17 491: 4419 691; 4618
LLL 4415 4;14 431< ;1: <13
LY 916 4517 451; 81< 4415
Wrwdo 433 433 433 433 433
Rev1 5<87 98: 44:3: 5<87 4:;
2
Wkh EMNV vdpsoh frqvlvwv ri uhvsrqghqwv ryhu 831
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Wxuqlqj wr d forvhu dqdo|vlv ri wkh Gxwfk gdwd/ zh rqfh djdlq glvwlqjxlvk vl{ fodvvhv ri
ulvn wrohudqfh1 Wdeoh 615 suhvhqwv d qxpehu ri ghvfulswlyh vwdwlvwlfv ri wkh ulvn wrohudqfh
yduldeoh e| vhyhudo ghprjudsklf dqg vrflr0hfrqrplf fkdudfwhulvwlfv1 Iru wkh sxusrvh ri
wklv wdeoh/ wkh ulvn wrohudqfh kdv ehhq frghg iurp  +ohdvw ulvn wrohudqw, wr S +prvw ulvn
wrohudqw,1 Wkh s0ydoxhv uhihu wr rqh zd| dqdo|vhv ri yduldqfh ri hdfk ri wkh ulvn dwwlwxgh
phdvxuhv rq wkh fkdudfwhulvwlfv frqvlghuhg1 Qrwlfh wkdw wkhuh lv d yhu| xqhyhq glvwulex0
wlrq ri pdohv dqg ihpdohv lq wkh vdpsoh1 Wklv lv wkh uhvxow ri wkh idfw wkdw rqo| hpsor|hg
pdlq euhdgzlqqhuv kdyh ehhq vhohfwhg1 Wkh ydvw pdmrulw| ri wkh uhvsrqghqwv idoo lq wkh
prvw ulvn dyhuvh fdwhjrulhv1 Dowkrxjk wkh wdeoh pljkw vxjjhvw wkdw ihpdohv duh pruh ulvn
dyhuvh wkdq pdohv/ wkh glhuhqfh lq phdqv lv vpdoo dqg fohduo| qrw vljqlfdqw1 Wdeoh 615
vxjjhvwv wkdw ehwwhu hgxfdwhg lqglylgxdov duh jhqhudoo| ohvv ulvn dyhuvh> wkh glhuhqfhv lq
ulvn wrohudqfh ehwzhhq wkh wkuhh ohyhov ri hgxfdwlrq duh vwdwlvwlfdoo| vljqlfdqw1 Dowkrxjk
wkh wdeoh vxjjhvwv wkdw wkh vhoi0hpsor|hg duh vxevwdqwldoo| pruh ulvn wrohudqw wkdq hpsor|0
hhv/ wkh vpdoo qxpehu ri revhuydwlrqv ri vhoi0hpsor|hg uhvsrqghqwv ohdgv wr vwdwlvwlfdoo|
lqvljqlfdqw glhuhqfhv1
Wdeoh 615= Ulvn dwwlwxgh yduldeoh e| edfnjurxqg fkdudfwhulvwlfv +phdqv,
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Zkroh vdpsoh 51:34 98:
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61515 Ulvn dwwlwxgh phdvxuhv edvhg rq sulqflsdo frpsrqhqwv
Wkh FVV0txhvwlrqqdluh frqwdlqv vl{ gluhfw txhvwlrqv derxw lqyhvwphqw vwudwhjlhv1 Wkhvh
duh uhsurgxfhg ehorz1 Uhvsrqghqwv fdq h{suhvv wkhlu djuhhphqw ru glvdjuhhphqw zlwk
wkhvh vwdwhphqwv rq d vhyhq srlqw vfdoh + phdqv frpsohwh glvdjuhhphqw dqg . phdqv
frpsohwh djuhhphqw1
VSDDU4
L qg lw pruh lpsruwdqw wr lqyhvw vdiho| dqg wr jhw d jxdudqwhhg uhwxuq wkdq wr wdnh ulvnv
lq rughu wr srvvleo| jhw d kljkhu uhwxuq1
VSDDU5
Lqyhvwlqj lq vwrfnv lv vrphwklqj L grq*w gr/ vlqfh lw lv wrr ulvn|1
VSDDU6
Li L eholhyh dq lqyhvwphqw zloo fduu| d surw/ L dp zloolqj wr eruurz prqh| iru lw1
VSDDU7
L zdqw wr eh vxuh p| lqyhvwphqwv duh vdih
VSDDU8
L dp lqfuhdvlqjo| frqylqfhg wkdw L qhhg wr wdnh pruh qdqfldo ulvnv li L zdqw wr lpsuryh p|
qdqfldo srvlwlrq1
VSDDU9
L dp zloolqj wr uxq wkh ulvn ri orrvlqj prqh| li wkhuh lv dovr d fkdqfh wkdw L zloo pdnh prqh|1
Wkh FVV dovr frqwdlqv 46 txhvwlrqv derxw vdylqjv prwlyhv1 Ehorz zh uhsurgxfh wkuhh
ri wkhp wkdw duh uhodwhg wr suhfdxwlrqdu| prwlyhv dqg xqfhuwdlqw|1 Dqvzhuv fdq eh jlyhq
rq d  wr . vfdoh/ zkhuh  phdqv yhu| xqlpsruwdqw dqg . phdqv yhu| lpsruwdqw1
VSDDUP36
Wr kdyh vrph vdylqjv lq fdvh ri xqiruhvhhq h{shqvhv gxh wr looqhvv ru dq dfflghqw1
VSDDUP45
Dv d uhvhuyh iru xqiruhvhhq hyhqwv
VSDDUP46
Wr kdyh hqrxjk prqh| lq wkh edqn/ vr wkdw L fdq eh vxuh wr eh deoh wr phhw p| qdqfldo
reoljdwlrqv1
Dsso|lqj sulqflsdo frpsrqhqwv dqdo|vlv wr wkhvh qlqh lqglfdwruv ri ulvn dyhuvlrq dqg
suhfdxwlrq/ zh qg wkdw wkuhh xqghuo|lqj idfwruv fdq h{sodlq prvw ri wkh yduldqfh lq
wkh dqvzhuv1 Diwhu dsso|lqj ydulpd{ urwdwlrq zh qg wkh idfwru ordglqjv suhvhqwhg lq
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Wdeoh 6161 Wkh odujhvw idfwru ordglqjv lq hdfk froxpq duh jlyhq lq erog idfh1 Zh qrwh
wkdw wkh idfwruv zklfk zh kdyh fdoohg ulvndw4 dqg ulvndw6 pdlqo| h{sodlq wkh vl{
vsddu yduldeohv/ zkhuhdv ulvndw5 pdlqo| h{sodlqv wkh vsddup yduldeohv1 Lq ylhz ri
wkh zruglqjv ri wkh qlqh txhvwlrqv/ zh lqwhusuhw ulvndw4 dqg ulvndw6 dv phdvxuhv ri ulvn
dyhuvlrq/ zkhuhdv ulvndw5 lv pdlqo| d phdvxuh ri suxghqfh1 Wkxv zh zrxog h{shfw ulvndw5
wr sod| d uroh lq vdylqjv ghflvlrqv zkhuhdv ulvndw4 dqg ulvndw6 vkrxog dhfw sruwirolr fkrlfh1
Wdeoh 616= Urwdwhg idfwru ordglqjv +ydulpd{ urwdwlrq,
Yduldeohv ulvndw4 ulvndw5 ulvndw6 xqltxhqhvv
vsddup36 03136; 31:<9 03134: 31698
vsddup45 31496 31;6; 31356 315:3
vsddup46 31487 31:;8 31369 31693
vsddu4 31;6; 31444 3138; 315;5
vsddu5 31965 03133: 316:3 31797
vsddu6 31339 31363 31:57 317:8
vsddu7 31;4: 31484 31379 3163:
vsddu8 031348 3136: 31:;8 316;5
vsddu9 31679 03135: 31:8; 31637
Wdeoh 617 suhvhqwv d qxpehu ri ghvfulswlyh vwdwlvwlfv ri wkh wkuhh ulvn dwwlwxgh phdvxuhv
e| vhyhudo ghprjudsklf dqg vrflr0hfrqrplf fkdudfwhulvwlfv/ rujdql}hg lq d vlplodu zd| dv
Wdeoh 6151 Wkh ulvn dwwlwxgh phdvxuhv duh qrupdol}hg vxfk wkdw wkh| kdyh }hur phdq dqg
xqlw yduldqfh iru wkh frpsohwh vdpsoh1 Wkh yduldqfh ydulhv voljkwo| dfurvv vxejurxsv exw
xvxdoo| yhu| olwwoh1 Wdeoh 617 vkrzv wkdw doo wkuhh ulvn dwwlwxgh phdvxuhv duh vljqlfdqwo|
ohvv iru pdohv wkdq iru ihpdohv/ lpso|lqj wkdw pdohv duh ohvv ulvn dyhuvh dqg kdyh d ohvv
vwurqj suhfdxwlrqdu| prwlyh1 Hgxfdwlrq rqo| kdv d vljqlfdqw hhfw iru ulvndw4/ zlwk
d sdwwhuq wkdw lv kdug wr lqwhusuhw1 Ghvslwh wkh vpdoo qxpehu ri vhoi0hpsor|hg lq rxu
vdpsoh zh gr qg vljqlfdqw ohvv ulvn dyhuvlrq +ru suhfdxwlrq, dprqj wkh vhoi0hpsor|hg
wkdq dprqj hpsor|hhv iru ulvndw5 dqg ulvndw61 Iru ulvndw4/ wkh glhuhqfh lv qrw vljqlfdqw1
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Wdeoh 617= Ulvn dwwlwxgh yduldeohv e| edfnjurxqg fkdudfwhulvwlfv +phdqv,
Fkdudfwhulvwlf ulvndw4 ulvndw5 ulvndw6 Q1rev1
Pdoh 013:4 013<5 01459 85<
Ihpdoh 1456 148< 154< 637
s0ydoxh 133: 13338 13333
Orz hgxfdwlrq 1365 13;: 1393 58<
Plggoh hgxfdwlrq 13:8 0133: 0137; 588
Kljk hgxfdwlrq 0144< 01399 01359 5;6
s0ydoxh 139 154 1755
Hpsor|hhv 013<; 136< 013<5 73:
Vhoi0hpsor|hg 158< 01689 018:8 54
s0ydoxh 146 13: 136
Zkroh vdpsoh 041;8h03< <1<;h043 7175h043 ;66
61516 Gluhfw txhvwlrqv rq suhfdxwlrq dqg ulvn dyhuvlrq
Wkh wklug w|sh ri vxemhfwlyh phdvxuhv duh wkh dqvzhuv wr wkh iroorzlqj wzr txhvwlrqv/
zklfk zhuh lqfoxghg lq wkh vdph prgxoh ri wkh FhqwHUsdqho dv wkh EMNV ulvn dyhuvlrq
phdvxuh1 Wkh txhvwlrqv uhdg dv iroorzv=
Zrxog |rx udwkhu ghvfuleh |rxuvhoi dv d fduhiuhh shuvrq/ ru udwkhu dv d fduhixo shuvrqB
Zkhq wkhuh lv srvvleoh gdqjhu/ gr |rx wdnh pdq| suhfdxwlrqvB
Uhvsrqvhv lq erwk fdvhv frxog eh jlyhq rq d vhyhq srlqw vfdoh1 Zh zloo uhihu wr wkh
uvw yduldeoh dv fduhixo dqg wr wkh vhfrqg yduldeoh dv suhfdxwlrq1 Wdeoh 618 suhvhqwv d
qxpehu ri ghvfulswlyh vwdwlvwlfv ri wkh wzr ulvn dwwlwxgh phdvxuhv e| vhyhudo ghprjudsklf
dqg vrflr0hfrqrplf fkdudfwhulvwlfv/ dqdorjrxv wr Wdeohv 615 dqg 617 deryh1 Wkh wdeoh
frqwdlqv wkh phdq vfruhv rq wkh vhyhq srlqw vfdohv iru erwk yduldeohv1 Zh revhuyh wkdw
ihpdohv duh vljqlfdqwo| pruh fduhixo wkdq pdohv1 Erwk fduhixo dqg suhfdxwlrq dsshdu
qhjdwlyho| uhodwhg zlwk hgxfdwlrq1
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Wdeoh 618= Ulvn dwwlwxgh yduldeohv e| edfnjurxqg fkdudfwhulvwlfv +phdqv,
Fkdudfwhulvwlf fduhixo suhfdxwlrq Q1rev1
Pdoh 81334 71;76 <::
Ihpdoh 81443 71;<9 :67
s0ydoxh 137 177
Orz hgxfdwlrq 813<9 71<7; 893
Plggoh hgxfdwlrq 8137; 71;:: 864
Kljk hgxfdwlrq 81336 71:97 856
s0ydoxh 1334 137
Hpsor|hhv 71<49 71:44 :;9
Vhoi0hpsor|hg 71<47 71;84 7:
s0ydoxh 1<3 164
Zkroh vdpsoh 8137: 71;99 4:44
61517 Krz duh wkh vxemhfwlyh phdvxuhv uhodwhgB
Ehiruh wxuqlqj wr wkh dqdo|vlv ri wkh uhodwlrq ehwzhhq wkh ydulrxv phdvxuhv ri ulvn wrohudqfh
dqg sruwirolr frpsrvlwlrq zh suhvhqw dqdo|vhv ri wkh lqwhuuhodwlrq ehwzhhq wkh ydulrxv
phdvxuhv1 Iluvw ri doo/ frpsdulqj wkh rxwfrphv suhvhqwhg lq Wdeohv 615/ 617/ dqg 618/
zh qrwlfh wkh iroorzlqj sdwwhuqv1 Vsolwwlqj wkh vdpsoh e| jhqghu/ ulvn wrohudqfh grhv
qrw uhyhdo vljqlfdqw glhuhqfhv/ exw ulvndw4/ ulvndw5/ ulvndw6/ dqg fduhixo doo lqglfdwh wkdw
pdohv duh pruh ulvn wrohudqw dqg ohvv suhfdxwlrxv wkdq ihpdohv1 Glvwlqjxlvklqj uhvsrqghqwv
e| hgxfdwlrq vkrzv wkdw ulvn wrohudqfh/ ulvndw4/ fduhixo/ dqg suhfdxwlrq doo vxjjhvw wkdw
shrsoh zlwk kljkhu hgxfdwlrq duh ohvv ulvn dyhuvh dqg ohvv suhfdxwlrxv1 Ulvndw5 dqg ulvndw6
gr qrw glhu vljqlfdqwo| e| hgxfdwlrq1 Ilqdoo|/ rqo| ulvndw5 dqg ulvndw6 glhu vljqlfdqwo|
+dw wkh .( dqg ( ohyho uhvshfwlyho|, ehwzhhq vhoi0hpsor|hg dqg hpsor|hhv1 Wkh odfn ri
vljqlfdqw glhuhqfhv iru wkh rwkhu yduldeohv grhv qrw qhfhvvdulo| phdq wkdw hpsor|hhv
dqg vhoi0hpsor|hg gr qrw glhu/ exw pd| udwkhu eh d uh hfwlrq ri wkh vpdoo qxpehu ri
vhoi0hpsor|hg lq wkh vdpsoh1
Wdeoh 619 suhvhqwv uhvxowv ri uhjuhvvlqj hdfk ri wkh phdvxuhv rq d qxpehu ri edfnjurxqg
yduldeohv dqg wkh rwkhu phdvxuhv1 Iru wkh h{sodqdwlrq ri ulvn wrohudqfh/ fduhixo dqg
suhfdxwlrq wkh phwkrg ri dqdo|vlv lv rughuhg surelw1 Iru ulvndw4 wkurxjk ulvndw6 zh xvh
uhjuhvvlrq1 Wkh ruglqdo yduldeohv ulvn wrohudqfh fduhixo dqg suhfdxwlrq duh vlpso| frghg
iurp  wr . zkhq xvhg dv h{sodqdwru| yduldeohv1 Uhsodflqj wkh vlpsoh frglqj e| gxpplhv
grhv qrw dowhu wkh rxwfrphv dssuhfldeo|1 Vlqfh wkh yduldeohv gr qrw doo frph iurp wkh
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vdph lqwhuylhz dqg ehfdxvh qrw doo txhvwlrqv duh dvnhg wr doo uhvsrqghqwv/ wkh qxpehu ri
revhuydwlrqv lv idluo| vpdoo/ uh hfwlqj wkh sduwldo ryhuods lq revhuydwlrqv1 Ri frxuvh/ wkh
uhjuhvvlrqv vkrxog eh ylhzhg dv sxuho| ghvfulswlyh1 Wkh| suhvhqw d zd| ri vkrzlqj wkh
qdwxuh ri wkh lqwhuuhodwlrqv ehwzhhq wkh vl{ phdvxuhv1 Dowkrxjk zh eulh | glvfxvv wkh
hhfwv ri edfnjurxqg yduldeohv/ olnh djh/ lqfrph/ zhdowk/ jhqghu/ hgxfdwlrq/ dqg ehlqj vhoi0
hpsor|hg/ rqh vkrxog nhhs lq plqg wkdw wkh hhfwv ri wkhvh yduldeohv duh doo frqglwlrqdo
rq doo wkh rwkhu ulvn dwwlwxgh phdvxuhv lq wkh uhjuhvvlrqv1
Djh lv rqo| vljqlfdqw iru ulvn wrohudqfh dqg ulvndw41 Iljxuh 615 gudzv wkh txdgudwlf
djh ixqfwlrqv lpsolhg e| wkh hvwlpdwhv iru doo vl{ phdvxuhv1 Wkh jxuh vkrzv wkdw erwk ulvn
wrohudqfh dqg ulvndw4 lpso| wkdw ulvn dyhuvlrq lqfuhdvhv zlwk djh1 Wkh yduldeohv lqfrph
dqg wrwdo zhdowk duh erwk frghg lq wkh irup ri dq lqyhuvh k|shuerolf vlqh = 1 Lqfrph kdv
d vljqlfdqw hhfw rq ulvn wrohudqfh dqg ulvndw41 Wkh vljqv ri wkh hhfwv lpso| lq erwk
fdvhv ghfuhdvlqj ulvn dyhuvlrq zlwk lqfrph1 Zhdowk lv +pdujlqdoo|, vljqlfdqw lq irxu rxw
ri vl{ uhjuhvvlrqv1 Wkh hvwlpdwlrq uhvxowv iru ulvn wrohudqfh vxjjhvw lqfuhdvlqj uhodwlyh
ulvn dyhuvlrq zlwk lqfuhdvlqj zhdowk/ zklfk zrxog eh frqvlvwhqw zlwk d frqvwdqw devroxwh
ulvn dyhuvlrq xwlolw| ixqfwlrq/ iru lqvwdqfh1 Wkh uhvxowv iru ulvndw6 vxjjhvw ghfuhdvlqj ulvn
dyhuvlrq zlwk lqfuhdvlqj zhdowk/ exw vlqfh zh gr qrw nqrz krz ulvndw6 zrxog eh uhodwhg
h{dfwo| wr wkh sdudphwhuv ri d nqrzq xwlolw| ixqfwlrq/ wkh uhvxow lv kdug wr lqwhusuhw1
Wkh wzr suhfdxwlrqdu| phdvxuhv +suhfdxwlrq dqg ulvndw5, lqfuhdvh zlwk zhdowk1 Jhqghu
lv qhyhu vljqlfdqw dqg hgxfdwlrq dqg ehlqj vhoi0hpsor|hg duh rqo| vljqlfdqw iru ulvn
wrohudqfh1 Rqh vkrxog uhfdoo rqfh djdlq/ wkdw wkhvh hhfwv duh wr eh lqwhusuhwhg dv ehlqj
frqglwlrqdo rq wkh rwkhu ulvn dwwlwxgh phdvxuhv1
Wxuqlqj wr wkh lqwhuuhodwlrqvklsv ehwzhhq wkh ulvn dwwlwxgh phdvxuhv/ zh revhuyh wkdw
suhfdxwlrq dqg ulvndw5 dsshdu wr eh vljqlfdqwo| uhodwhg/ dv rqh zrxog h{shfw iurp wkh
lqwhusuhwdwlrq ri ulvndw51 Vrphzkdw ohvv h{shfwhg/ fduhixo/ ulvndw6/ dqg ulvn wrohudqfh duh
dovr vljqlfdqwo| uhodwhg wr suhfdxwlrq1
?
Wkh lqyhuvh k|shuerol{ vlqh ri { lv k+{, @ oq^4 .
s
{ J . 4`
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Wdeoh 619= Lqwhuuhodwlrqvklsv ehwzhhq wkh ydulrxv phdvxuhv +rughuhg surelw dqg rov
hvwlpdwhv ,
H{so1 yduldeohv Ulvn wro1 Fduhixo Suhfdx1 Ulvndw4 Ulvndw5 Ulvndw6
Djh 1379 1433 01385 1384 013<3 1359
Djh vtxduhg 01333; 01334 13338 013337 1334 013336
s0ydoxh djh h1 1335 1466 1756 1383 14;9 1;97
Lqfrph 1866 01654 1539 01836 01443 1337
w0ydoxh 51:< 419: 413< 51<4 198 135
zhdowk 013:3 1458 01385 1369 1398 013:8
w0ydoxh 41<3 616: 416< 4138 41<7 515:
Jhqghu 0137: 013:5 0149; 013:5 16:< 1537
w0ydoxh 159 173 1<6 177 5167 415;
Vhoi0hpso1 1957 0133; 14;9 156; 0117<: 01579
w0ydoxh 5145 136 195 1;: 41;8 1<6
Plggoh hgxf1 1768 01464 1497 139: 014:7 143;
Kljk hgxf1 1664 01458 14:8 1375 015:; 13:4
s0ydoxh hg h1 1356 19:9 17<5 1<34 147< 1:78
Fduhixo 0138; 0 1864 14;< 1388 01377
w0ydoxh 4133 0 <1:5 6196 413< 1;:
Suhfdxwlrq 01485 184; 0 01346 1435 1436
w0ydoxh 519< <195 0 159 5135 513:
Ulvn wrohudqfh 0 0137< 0145: 01446 138; 0139:
w0ydoxh 0 413< 51;8 51:: 4177 41:4
Ulvndw4 014:5 1566 0133< 0 0 0
w0ydoxh 51<3 61<3 148 0 0 0
Ulvndw5 13;6 13;9 1467 0 0 0
w0ydoxh 4166 4173 5153 0 0 0
Ulvndw6 01453 01354 1463 0 0 0
w0ydoxh 41<7 166 5143 0 0 0
Qxpehu ri rev1 675 675 675 675 675 675
+Svhxgr, U K 31399 1489 145; 148; 13:9 1393
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Age effects on risk attitude measures
effect of age on risk tolerance
age




effect of age on carefulness
age




effect of age on precaution
age





effect of age on riskat1
age






effect of age on riskat2
age




effect of age on riskat3
age





Iljxuh 615= Djh ixqfwlrqv iru wkh vl{ ulvn dwwlwxgh phdvxuhv
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61518 Dvvhwv dqg oldelolwlhv
Wkh FVV froohfwv h{whqvlyh lqirupdwlrq rq dvvhwv dqg oldelolwlhv1 Uhvsrqghqwv duh dvnhg
iru rzqhuvkls dqg txdqwlw| ri glhuhqw fdwhjrulhv ri dvvhwv/ erwk uhdo dqg qdqfldo/ dqg
ri oldelolwlhv dqg pruwjdjhv1 Wdeoh 61: uhsruwv gdwd rq qdqfldo dvvhwv dw wkh krxvhkrog
ohyho1 Zh jurxs dvvhwv lq fdwhjrulhv wkdw duh vrphzkdw krprjhqhrxv zlwk uhvshfw wr
wkhlu ulvn suroh1 Zh kdyh lqglfdwhg wkh fdwhjru| dq dvvhw ehorqjv wr e| QU iru qrq0ulvn|
dvvhwv/ e| U iru ulvn| dvvhwv dqg e| R iru rwkhu dvvhwv1 Qrq0ulvn| dvvhwv duh fkhfnlqj
dffrxqwv/ vdylqjv dffrxqwv/ ghsrvlwv/ dqg lqvxudqfhv1 Ulvn| dvvhwv duh ghqhg dv wkh vxp
ri jurzwk dqg pxwxdo ixqgv/ rswlrqv/ vwrfnv dqg exvlqhvv htxlw|1 Rwkhu dvvhwv duh wkh vxp
ri uhdo hvwdwh/ pruwjdjh/ erqgv/ prqh| ohqw rxw dqg qdqfldo ghew1 Wkh wdeoh suhvhqwv
uhodwlyh iuhtxhqflhv ri rzqhuvkls/ phdq ydoxhv dqg vkduhv ri hdfk dvvhw fdwhjru| lq wkh
wrwdo sruwirolr1 Qrwlfh wkdw wkh gdwd gr qrw rqo| uhihu wr wkh uhvsrqghqwv zkr kdyh ehhq
srvhg wkh txhvwlrqv derxw xqfhuwdlq olih wlph lqfrphv1
Fkhfnlqj dffrxqwv/ vdylqjv dffrxqwv/ ghsrvlwv/ dqg lqvxudqfhv duh khog e| <916( ri wkh
vdpsoh1 Wklv vdih dvvhw pdnhv xs forvh wr 83( ri dyhudjh qdqfldo zhdowk lq wkh vdpsoh1
Exvlqhvv htxlw| lv dqrwkhu vl}hdeoh frpsrqhqw ri qdqfldo zhdowk/ dowkrxjk lw lv rqo| khog
e| :14( ri wkh vdpsoh1 Jhqhudoo|/ wkh krxvhkrogv lq wkh vdpsoh xvh yhu| olwwoh fuhglw=
Ilqdqfldo ghewv dprxqw wr ohvv wkdq 43( ri wrwdo qdqfldo dvvhwv +dqg khqfh qdqfldo
zhdowk lv pruh wkdq <3( ri wrwdo qdqfldo dvvhwv,1 Rqo| 718( ri wkh vdpsoh krogv erqgv
dqg2ru pruwjdjh erqgv/ zkhuhdv 4918( krogv vwrfnv> 5519( ri wkh vdpsoh krogv jurzwk
ru pxwxdo ixqgv1 Ri frxuvh wkh jurxs ri vwrfn kroghuv ryhuodsv zlwk wkh rzqhuv ri pxwxdo
ixqgv ru jurzwk ixqgv1 6317( ri wkh vdpsoh krxvhkrogv kdyh vwrfnv dqg2ru jurzwk dqg
pxwxdo ixqgv1 Fohduo|/ iru prvw krxvhkrogv uhdo hvwdwh +xvxdoo| wkh sulpdu| uhvlghqfh,
grplqdwhv wkh sruwirolr1 Ilqdqfldo dvvhwv duh rqo| 5:( ri wrwdo dvvhwv dqg qdqfldo zhdowk
lv rqo| 66( ri wrwdo zhdowk1
Dw wkh djjuhjdwh ohyho/ erwk ulvn| dqg qrq0ulvn| dvvhwv duh edvlfdoo| 83( ri dyhudjh
qdqfldo zhdowk/ exw wkh shufhqwdjh ri shrsoh rzqlqj ulvn| dvvhwv +6718, lv idu ohvv wkdq
kdoi ri wkdw ri shrsoh rzqlqj vdih dvvhwv +<916,1 Rwkhu dvvhwv duh zlgho| vsuhdg ryhu wkh
vdpsoh +;51;(, dqg wkh| duh 4:81<( ri qdqfldo dvvhwv1
6161 Vrph wkhru| 76
Wdeoh 61:= Krxvhkrogv* dvvhwv dqg oldelolwlhv lq 4<<;
Dvvhwv W|sh Rev1 ( rzq Phdq ( i1dvv1 ( w1 dvv1
Fkhfnlqj/ ghs1/ lqv1/ hwf1 QU 475: <916 78963 7;1: 4615
Jurzwk/ pxwxdo ixqgv U 475: 5519 44936 4516 616
Erqgv R 475: 718 54;: 516 19
Vwrfnv U 475: 4918 489;6 491: 718
Rswlrqv U 475: 414 448 14 136
Prqh| ohqw rxw R 475: ;16 4<76 514 19
Exvlqhvv htxlw| R 475: :14 498<4 4:1: 71;
Wrwdo qdqfldo dvvhwv 475: 0 <6:86 433 5:13
Uhdo hvwdwh R 4755 9;13 585983 0 :51<
Wrwdo dvvhwv 4755 0 6799<6 0 433
Ilqdqfldo ghew R 475: 0 ;<:9 <19 519
Pruwjdjh R 4755 881; ;5<85 0 561<
Qhw qdqfldo zhdowk 475: 0 ;7::9 <317 5717
Qrq0ulvn| dvvhwv QU 475: <916 78963 7;1: 4615
Ulvn| dvvhwv U 475: 6718 76<<5 791< 451:
Rwkhu dvvhwv R 4755 ;51; 679789 4:81< 7:19
Qhw zruwk 4755 0 587;36 0 :618
QU= qrq0ulvn|> U= ulvn|> R= rwkhu dvvhwv1 Doo dprxqwv duh lq Gxwfk jxloghuv +derxw
'183 lq 4<<;,
616 Vrph wkhru|
Wr prwlydwh rxu hpslulfdo prgho/ lw lv xvhixo wr vxppdul}h vrph frqfhswv dqg uhvxowv
iurp wkh olwhudwxuh1 Lq wkh h{srvlwlrq ehorz zh pdlqo| iroorz wkh h{fhoohqw qhz errn e|
Jroolhu +5335,1
61614 Frpsdudwlyh ulvn dyhuvlrq
Djhqw 4 lv pruh ulvn dyhuvh wkdq djhqw 5 li
Hdx K Ez L n h{  x K Ez L  , Hdx M Ez L n h{  x M Ez L o +614,
77 61 Vxemhfwlyh Phdvxuhv ri Ulvn Dyhuvlrq dqg Sruwirolr Fkrlfh
zkhuh x K dqg x M duh xwlolw| ixqfwlrqv/ z L lv lqlwldo zhdowk dqg h{ lv d ulvn| dvvhw zlwk }hur
h{shfwhg uhwxuq1 Wklv lv htxlydohqw zlwk D M Ez L   D K Ez L / zkhuh D N E}   O
P PRQ ST
O P Q ST > wkh
frh!flhqw ri devroxwh ulvn dyhuvlrq1 Ri frxuvh/ li wkh frh!flhqw ri devroxwh ulvn dyhuvlrq
lv odujhu iru lqglylgxdo  dw vrph srvlwlyh zhdowk ohyho }/ wkhq wklv lv dovr wuxh ri wkh
frh!flhqw ri uhodwlyh ulvn dyhuvlrq= U N E} ' }=D N E}111
61615 KDUD +kduprqlf devroxwh ulvn dyhuvlrq, xwlolw| ixqfwlrqv











' x W W E}




Wkxv/ devroxwh ulvn wrohudqfh +lqyhuvh devroxwh ulvn dyhuvlrq, lv olqhdu lq zhdowk/ zklfk
h{sodlqv wkh qdph ri wklv fodvv ri xwlolw| ixqfwlrqv1 Qrwlfh wkdw wkh frh!flhqw ri uhodwlyh





dqg wkh ghjuhh ri devroxwh suxghqfh=
S E} ' x W W W E}









Wkh ghjuhh ri uhodwlyh suxghqfh lv }S E}=







zklfk lv wkh FUUD xwlolw| ixqfwlrq zlwk frh!flhqw ri uhodwlyh ulvn dyhuvlrq  +fi1 +617,,1
Vlploduo|/ li  $ 4/ lw fdq eh vkrzq wkdw wkh xwlolw| ixqfwlrq uhgxfhv wr=
xE} ' i TED}
D
+61:,
zkhuh D lv wkh frh!flhqw ri devroxwh ulvn dyhuvlrq +D '
MY = Ilqdoo|/ iru  ' / zh rewdlq
d txdgudwlf xwlolw| ixqfwlrq1
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61616 Ulvn dyhuvlrq dqg sruwirolr fkrlfh










UEz L  +61;,
zkhuh  dqg  K duh wkh phdq dqg yduldqfh ri wkh glvwulexwlrq ri wkh h{fhvv uhwxuq ri wkh
ulvn| dvvhw dqg  Z lv wkh dprxqw lqyhvwhg lq wkh ulvn| dvvhw1 Iru qrq0FDUD suhihuhqfhv
irupxod +61;, lv dssur{lpdwh1
KDUD suhihuhqfhv +vhh +615,,= Iru wklv fdvh qr h{solflw vroxwlrq lv dydlodeoh/ exw d







wkhq wkh jhqhudo vroxwlrq iru  Z lv htxdo wr
 Z ' dE n z L

 ' dW Ez L  +61<,
xvlqj +616,1 Vr zh vhh wkdw wkh dprxqw lqyhvwhg lq wkh ulvn| dvvhw lv gluhfwo| sursru0
wlrqdo wr wkh ghjuhh ri devroxwh ulvn wrohudqfh1 Wkh vkduh ri wrwdo zhdowk lqyhvwhg lq wkh
ulvn| dvvhw lv wkhq lqyhuvho| sursruwlrqdo wr wkh ghjuhh ri uhodwlyh ulvn dyhuvlrq1 Wklv lv
txdolwdwlyho| vlplodu wr wkh uhvxow iru FDUD0suhihuhqfhv1
Qh{w zh frqvlghu wkh fdvh ri d yhfwru ri ulvn| dvvhwv1 Zh zloo uhvwulfw rxuvhoyhv wr
FDUD0suhihuhqfhv1 Wr prwlydwh wkh hfrqrphwulf prgho wr eh xvhg lq wkh vhtxho/ zh
surylgh wkh ghulydwlrq ri wkh rswlpdo sruwirolr iru wklv fdvh1 Ohw  eh wkh +n,0yhfwru ri
phdq h{fhvv uhwxuqv dqg P wkh yduldqfh fryduldqfh pdwul{ ri wkh h{fhvv uhwxuqv1 Ohw Z
eh ehjlq ri shulrg zhdowk/ u lv wkh ulvniuhh lqwhuhvw udwh1 Wkh +n ,0yhfwru  ghqrwhv wkh
txdqwlwlhv lqyhvwhg lq wkh ulvn| dvvhwv/ zlwk vwrfkdvwlf uhwxuqv jlyhq e| wkh yhfwru h{ L 1 Ohw
 eh d +n,0yhfwru ri rqhv1 Wkhq  W  lv wkh dprxqw ri prqh| lqyhvwhg lq wkh ulvn| dvvhwv
dqg Z   W  lv wkh dprxqw lqyhvwhg lq wkh ulvniuhh dvvhw +Qr qrq0qhjdwlylw| uhvwulfwlrqv
duh lpsrvhg,1 Frqvxpswlrq } lv htxdo wr wkh ydoxh ri wkh dvvhwv dw wkh hqg ri wkh shulrg1
Wkxv frqvxpswlrq lv=
} ' EZ   W E n u n  W En h{ L  ' Z E n u n  W Eh{ L  u  z L n  W h{ +6143,
zkhuh z L ' Z E n u dqg h{ ' h{ [  u= 11Zh dvvxph h{ wr eh qrupdoo| glvwulexwhg/ vr
wkdw h{  QE>P= Wkh frqvxphu zdqwv wr pd{lpl}h wkh h{shfwdwlrq ri hqg ri shulrg
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xwlolw| vxemhfw wr +6143, e| fkrrvlqj  rswlpdoo|1 Lqvhuwlqj +6143, lq +61:,/ qhjohfwlqj wkh
pxowlsolfdwlyh frqvwdqw D/ dqg wdnlqj h{shfwdwlrqv |lhogv
Y E ' E2 U5\^] K mPm U<M] K
]
i TEDEz L n  W { i TE
2
E{   W P UXM E{  g{
' i TEDz L  D W n 
2





E{  n DP W P UXM E{  n DPog{
'  i TEDz L  D W n 
2
D K  W P +6144,
Pd{lpl}lqj +6144, zlwk uhvshfw wr  |lhogv=










UEz L  +6146,
617 Dq hfrqrphwulf prgho ri sruwirolr fkrlfh
Rxu lqwhuhvw zloo eh lq rzqhuvkls dqg sruwirolr vkduhv ri d qxpehu ri dvvhw fdwhjrulhv wkdw
ydu| lq ulvnlqhvv1 Zh zdqw wr doorz iru rwkhu idfwruv ghwhuplqlqj sruwirolr frpsrvlwlrq
wkdq mxvw wkh glvwulexwlrq ri h{fhvv uhwxuqv1 Wr lqwurgxfh wkhvh rwkhu idfwruv lq d xwlolw|
frqvlvwhqw zd|/ zh uhsodfh +6144, e|
Y Z E '  i TEDz L  D W   D K z L  W P} n 
2
D K  W P +6147,
zkhuh } lv d yhfwru ri wdvwh vkliwhuv=
} ' \{n % +6148,
zkhuh { lv d yhfwru ri lqglylgxdo +ru krxvhkrog, fkdudfwhulvwlfv/ \ lv d sdudphwhu pdwul{/
dqg  dq l1l1g1 huuru whup1 Zh zloo lqwhusuhw  dv uhsuhvhqwlqj xqrevhuydeoh yduldwlrqv lq
wdvwh dfurvv lqglylgxdov1
Pd{lpl}lqj +6147, zlwk uhvshfw wr wkh txdqwlw| yhfwru  |lhogv wkh iroorzlqj h{suhvvlrq
iru wkh yhfwru ri ulvn| dvvhw vkduhv=




  } n K Z +6149,
6171 Dq hfrqrphwulf prgho ri sruwirolr fkrlfh 7:
zkhuh K ' P
U<M
dqg  Z ' M` 1
Qrwlfh wkdw qr vljq uhvwulfwlrqv duh lpsrvhg rq wkh hohphqwv ri hz= Li zh lpsrvh wkh
frqglwlrq wkdw dvvhwv kdyh wr eh qrq0qhjdwlyh 0wkh hpslulfdoo| uhohydqw fdvh0 wkh pd{l0
pl}dwlrq ri +6147, kdv wr wdnh sodfh vxemhfw wr wkh frqglwlrq   f1 Jlyhq wkdw K lv
srvlwlyh ghqlwh/ qhfhvvdu| dqg vx!flhqw frqglwlrqv iru d pd{lpxp duh wkhq=
h  f
z  f
h W z ' f





En h ' } n KE Z n  +614:,
zkhuh  ' h@U/ dqg h lv d yhfwru ri Odjudqjh pxowlsolhuv1 Wkh vkduh ri wkh ulvnohvv dvvhw
lq wkh sruwirolr lv htxdo wr    W a UXM z= Vlqfh wkh vkduh ri wkh ulvnohvv dvvhw iroorzv gluhfwo|
iurp wkh vkduhv ri wkh ulvn| dvvhwv wkurxjk dgglqj xs/ zh uhvwulfw rxu dwwhqwlrq wr wkh
vkduhv ri wkh ulvn| dvvhwv1
Wr fkdudfwhul}h wkh Nxkq0Wxfnhu frqglwlrqv +614:, lw lv frqyhqlhqw wr ghqh yluwxdo
sulfhv e   Z n= Lw iroorzv iurp wkh Nxkq0Wxfnhu frqglwlrqv wkdw wkh yluwxdo sulfhv duh
htxdo wr wkh fruuhvsrqglqj hohphqwv ri  Z li wkh fruuhvsrqglqj exgjhw vkduh lv qrw htxdo
wr }hur1 Wr fdofxodwh yluwxdo sulfhv iru wkh dvvhwv zkrvh vkduh htxdov }hur/ zh lqwurgxfh
vrph qrwdwlrq1 Ohw V W +n M { +n  , dqg G W +n K { +n  , eh vhohfwlrq pdwulfhv zlwk





lv d shupxwdwlrq ri L a UXM / wkh +n { +n lghqwlw| pdwul{1
Wkh pdwul{ V W vhohfwv wkh hohphqwv ri z zklfk duh }hur dqg G W vhohfwv wkh hohphqwv ri z
zklfk duh qrq0}hur1 Vrph xvhixo surshuwlhv ri V dqg G duh=
V W V ' L acb G WG ' L ad VV W nGG W ' L a UXM G W V ' f +614;,
Jlyhq wkdw V W vhohfwv wkh hohphqwv ri z wkdw duh }hur/ wkhuh krogv V W z ' f> dqg vlploduo|
G W  ' f1















KdVV W nGG W oe +614<,
Wkh wrs0kdoi ri +614<, jlyhv dv d vroxwlrq iru wkh yluwxdo sulfhv=
V W e ' EV W KV UXM iV W } n EV W KGG W  Z j +6153,
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xvlqj wkh idfw wkdw G W e ' G W  Z 1 Vxevwlwxwlqj wklv lq wkh erwwrp kdoi ri +614<, |lhogv iru
wkh sruwirolr vkduhv ri wkh qrq0}hur dvvhwv=
G W z ' G W } nV W } n EG W KGG W  Z nEV W KGG W  Z
 G W } nV W } n[G W  Z +6154,
zkhuh   G W KVEV W KV UXM > zklfk lv d En K {n M 0pdwul{1 Wkh En K {n K  pdwul{ [ lv ghqhg
dv [  EG W KG n EV W KG=
Iru odwhu sxusrvhv/ lw lv xvhixo wr uhzulwh wklv htxdwlrq vrphzkdw1 Uhfdoo wkh ghqlwlrq
ri hz +fi1 +6149,,1 Zh zloo vrphwlphv uhihu wr hz dv odwhqw sruwirolr vkduhv/ wr lqglfdwh
wkdw wkh| duh jhqhudoo| qrw doo revhuyhg1 Lqvwhdg z lv revhuyhg1 Xvlqj wkh idfw wkdw
[G W  G W K ' G W KGG W  G W KVEV W KV UXM V W KGG W  G W K
' G W KEL a UXM  VV W  VEV W KV UXM V W KGG W  L a UXM 
' G W KVEV W KV UXM V W KVV W n VEV W KV U<M V W KEL a UXM  VV W 
' G W KVEV W KV UXM V W K ' V W K +6155,
zh fdq wkhq zulwh +6154, dv
G W z  G W hz ' G W } nV W } n[G W  Z  G W }  G W K Z
' V W } n E[G W  G W K Z
' V W } nV W K Z ' V W hz +6156,
Vr zh revhuyh wkdw wkh qrq0}hur sruwirolr vkduhv duh htxdo wr wkhlu odwhqw frxqwhusduwv
soxv d olqhdu frpelqdwlrq ri wkh odwhqw exgjhw vkduhv fruuhvsrqglqj wr wkh }hur dvvhwv1
Ghqlqj { W  G W nV W / wklv fdq dovr eh zulwwhq dv G W z ' { W hz=
Dovr qrwh wkdw wkh qrq0}hur Odjudqjh pxowlsolhuv duh irxqg dv
V W  ' V W e  V W  Z ' EV W KV UXM iV W } n EV W KGG W ej  V W  Z
' EV W KV UXM iV W } n V W KGG W  Z n V W KVV W  Z j
' EV W KV UXM iV W } n V W KdGG W n VV W o Z j
' EV W KV UXM V W hz +6157,
Wkh hfrqrphwulf prgho ri sruwirolr vkduhv fdq qrz eh zulwwhq dv iroorzv=
hz N ' } N n K ZN ' } N n K ZN n  N+
G WN z N ' { WN hz N




{ WN hz N  f dqg
EV WN KV N  UXM V WN hz N  f
,
+6158,
6171 Dq hfrqrphwulf prgho ri sruwirolr fkrlfh 7<
zkhuh d vxevfulsw l kdv ehhq dgghg wr lqgh{ revhuydwlrqv dqg } N lv wkh v|vwhpdwlf sduw
ri } N / l1h1 } N ' } N n  N 1 Wkh vhohfwlrq pdwulfhv G WN dqg V WN ydu| e| revhuydwlrq1 Wkh
Nxkq0Wxfnhu frqglwlrqv jxdudqwhh wkdw iru hdfk uhdol}dwlrq ri wkh odwhqw vkduhv hz N wkhuh
lv rqo| rqh xqltxh frpelqdwlrq ri G WN dqg V WN vxfk wkdw wkh lqhtxdolw| frqglwlrqv +6158,
duh vdwlvhg1
61714 Lghqwlfdwlrq
Xvlqj +6158, zh revhuyh wkdw wkh yhfwruv } duh lghqwlhg xs wr d vfdolqj frqvwdqw iurp wkh
vlpsoh surelw htxdwlrqv h{sodlqlqj rzqhuvkls sdwwhuqv1 Ixuwkhupruh/ zh qrwh wkdw wkh
hohphqwv ri  Z ydu| sursruwlrqdwho|/ vr wkdw jlyhq } zh rewdlq n  slhfhv ri lqirupdwlrq
rq K iurp wkh surelwv edvhg rq +6158,1 Wr ixoo| lghqwli| doo sdudphwhuv zh qhhg wr frqvlghu
wkh htxdwlrqv iru wkh qrq0}hur vkduhv +6154,1 Wkh qxpehu ri iuhh hohphqwv lq  lv htxdo
wr En K {n M = Wkh qxpehu ri hohphqwv lq [ lv htxdo wr En K {n K / exw vlqfh doo hohphqwv ri  Z
duh sursruwlrqdo wr hdfk rwkhu/ zh fdq rqo| lghqwli| n K hohphqwv1 Wkxv iru d jlyhq sdwwhuq
ri qrq0}hur dvvhw vkduhv/ dqg jlyhq }/ zh kdyh n K n n K =n M ' n K En M n  ' n K En  n K  slhfhv
ri lqirupdwlrq wkdw fdq eh lghqwlhg iurp wkh udwlrqhg htxdwlrqv1 Wr ghwhuplqh wkh wrwdo
qxpehu ri slhfhv ri lqirupdwlrq rq K wkdw fdq eh lghqwlhg iurp wkh udwlrqlqj htxdwlrqv/
zh kdyh wr dffrxqw iru doo srvvleoh sdwwhuqv ri plvvlqj dvvhwv1 Zh qg wkdw wkh qxpehu








En  n K n K +6159,
Vlqfh K lv v|pphwulf/ wkh qxpehu ri iuhh hohphqwv lq K lv htxdo wr nEn  @2= Lq
dgglwlrq zh qhhg En vfdolqj frqvwdqwv wr lghqwli| }> exw rq wkh rwkhu kdqg wkh surelwv
surylgh n   slhfhv ri lqirupdwlrq rq K/ vr wkhvh fdqfho rxw1 Lq wrwdo zh wkxv qhhg
nEn @2 slhfhv ri lqirupdwlrq1 Wdeoh 61; suhvhqwv wkh qxpehu ri iuhh hohphqwv lq K dqg
wkh qxpehu ri uhvwulfwlrqv UEn iru glhuhqw ydoxhv ri n1 Iru n  2> wkh sdudphwhuv lq wkh
prgho duh lghqwlhg/ dw ohdvw e| wkh vlpsoh frxqwlqj uxoh zh kdyh dssolhg khuh1
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Wdeoh 61;= Qxpehu ri dvvhwv dqg uhvwulfwlrqv rq K











Wkh olnholkrrg lv edvhg rq +6158,1 Zh frqvlghu wzr fdvhv1 Wkh uvw fdvh lv zkhuh doo dvvhw
vkduhv duh qrq0}hur1 Lq wklv fdvh wkh revhuyhg vkduhv duh htxdo wr wkh odwhqw vkduhv dqg
wkh olnholkrrg frqwulexwlrq lv wkh mrlqw ghqvlw| ri wkh dvvhw vkduhv dv lpsolhg e| wkh uvw
htxdwlrq lq +6158,1 Wkh vhfrqg fdvh lv zkhuh rqh ru pruh ri wkh dvvhw vkduhv duh }hur1 Iru
revhuyhg ydoxhv G WN > G WN z N > dqg V WN wkh olnholkrrg frqwulexwlrq ri wklv revhuydwlrq lv=
jEG WN z m { WN hz N  f/ EV WN KV N  UXM V WN hz N  f=hE{ WN hz N  f/ EV WN KV N  UXM V WN hz N  f
' hE{ WN hz N  f/ EV WN KV N  UXM V WN hz N  f m G WN z N =kEG WN z N 
' hEEV WN KV N  UXM V WN hz N  f m G WN z=kEG WN z N  +615:,
xvlqj wkh idfw wkdw G WN z N ' { WN hz N dqg zlwk reylrxv ghqlwlrqv iru wkh frqglwlrqdo ghqvlw|
j dqg wkh pdujlqdo ghqvlw| k ri G WN z N 1 Wr hydoxdwh wkh olnholkrrg frqwulexwlrq/ zh qhhg wr
qg wkh pdujlqdo glvwulexwlrq ri G WN z dqg wkh frqglwlrqdo glvwulexwlrq ri EV WN KV N  UXM V WN hz N
jlyhq G WN z N = Zh dvvxph qrupdolw| ri wkh huuru yhfwru  N wkurxjkrxw/ zlwk  N  QEf>l=
Jlyhq wklv qrupdolw| dvvxpswlrq wkhvh duh vwudljkwiruzdug h{huflvhv1
Zh uvw frqvlghu wkh mrlqw glvwulexwlrq ri EV WN KV N  U<M V WN hz N dqg G WN z N ' { WN hz N 1 Zh lp0
phgldwho| kdyh wkdw EV WN KV N  UXM V WN z N dqg G WN z N duh mrlqwo| qrupdo zlwk yduldqfh0fryduldqfh
pdwul{ htxdo wr %
EV WN KV N  UXM V WN lV N EV WN KV N  UXM EV WN KV N  UXM V WN l{ N




Wkh phdqv ri wkh pdujlqdo glvwulexwlrqv ri EV WN KV N  UXM V WN hz N dqg G WN z N duh htxdo wr=
H^EV WN KV N  UXM V WN hz N ` ' EV WN KV N  UXM V WN d} N n K ZN o +615<,
dqg
H^G WN z N ` ' { WN d} N n K ZN o +6163,
Wkh frqglwlrqdo yduldqfh0fryduldqfh pdwul{ ri EV WN KV N  UXM V WN z N jlyhq G WN z N lv jlyhq e|
EV WN KV N  UXM dV WN lV N  V WN l{ N E{ WN l{ N  U<M { WN lV N oEV WN KV N  UXM +6164,
dqg wkh frqglwlrqdo phdq ri EV WN KV N  UXM V WN z N jlyhq G WN z N lv jlyhq e|
EV WN KV N  UXM V WN d} N n K ZN o n EV WN KV N  UXM V WN l{ N E{ WN l{ N  UXM dG WN z N  { WN d} N n K ZN oo +6165,
Dsshqgl{ F surylghv wkh ghwdlov ri wkh olnholkrrg iru wkh fdvh n ' / zklfk zloo eh
frqvlghuhg lq rxu hpslulfdo zrun1
618 Uhvxowv
Zh hvwlpdwh wkh prgho iru d qxpehu ri glhuhqw vshflfdwlrqv ri wkh ulvn dyhuvlrq phdvxuh
dqg iru wzr ghqlwlrqv ri zhdowk1 Wkh uvw ghqlwlrq ri wrwdo zhdowk lv wrwdo dvvhwv +fi1
Wdeoh 61:,1 Wkh vhfrqg ghqlwlrq lv wrwdo qdqfldo dvvhwv1
61814 Uhvxowv iru vkduhv ri jurvv zhdowk
Zh glvwlqjxlvk wkuhh dvvhw vkduhv= +d, d ulvnohvv dvvhw dv ghqhg lq Wdeoh 61:> +e, d ulvn|
dvvhw frpsulvlqj jurzwk dqg pxwxdo ixqgv/ vwrfnv/ dqg rswlrqv> +f, dq rwkhu dvvhw
frqvlvwlqj ri erqgv/ prqh| ohqw rxw/ exvlqhvv htxlw|/ dqg uhdo hvwdwh1 Ghvslwh wkh shukdsv
vrphzkdw frqixvlqj whuplqrorj|/ erwk wkh ulvn| dvvhw dqg wkh rwkhu dvvhw duh ulvn|1
Wkxv wkh wkuhh dvvhw vkduhv duh vkduhv ri wrwdo dvvhwv +ru jurvv zhdowk/ dv zh zloo vrphwlphv
fdoo lw,1 Dowkrxjk wkh wkhruhwlfdo iudphzrun suhvhqwhg lq Vhfwlrq 616 zrxog vxjjhvw wr
frqvlghu vkduhv ri qhw zruwk/ udwkhu wkdq jurvv zhdowk/ wkh reylrxv dgydqwdjh ri xvlqj
jurvv zhdowk lv wkdw zh dyrlg kdylqj wr ghdo zlwk vkduhv lq qhjdwlyh zhdowk +derxw 45(
ri wkh vdpsoh uhsruwv qhjdwlyh qhw zruwk,1 Wdeoh 61< suhvhqwv hvwlpdwlrq uhvxowv iru wkuhh
yhuvlrqv ri wkh prgho1 Wkh uvw dqg vhfrqg yhuvlrq xvh d frpelqdwlrq ri ulvn dwwlwxgh





 n i Td=ulvndw4n E  =ulvndw6o +6166,
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zkhuh wkh sdudphwhu  fdq eh hvwlpdwhg mrlqwo| zlwk wkh rwkhu sdudphwhuv lq wkh prgho1
Iru wkh vhfrqg yhuvlrq/ zh xvh +6166, exw zlwk ulvndw4 dqg ulvndw6 uhsodfhg e| fduhixo dqg
suhfdxwlrq1 Lq wkh wklug yhuvlrq wkh whup ^=ulvndw4nE  =ulvndw5` lv uhsodfhg e| wkh
yduldeoh ulvn wrohudqfh1 Wkh qxpehu ri revhuydwlrqv ydulhv shu yhuvlrq/ uh hfwlqj vdpsoh
vhohfwlrqv dqg vnlsslqj sdwwhuqv lq wkh txhvwlrqqdluhv/ dv glvfxvvhg ehiruh1 Lq doo yhuvlrqv
wkh hvwlpdwh ri  M K +wkh r0gldjrqdo hohphqw ri K, kdg wr eh erxqghg iurp ehorz wr
pdlqwdlq srvlwlyh ghqlwhqhvv ri K= Vrphzkdw duelwudulo| zh kdyh uhvwulfwhg wkh txdqwlw|
 M K @E MM  KK  wr eh juhdwhu wkdq =bb1
Zh revhuyh wkdw  MM dqg  KK +wkh gldjrqdo hohphqwv ri K, duh rqo| mrlqwo| vljqlfdqwo|
glhuhqw iurp }hur lq wkh uvw yhuvlrq zkhuh zh xvh ulvndw4 dqg ulvndw6 dv lqglfdwruv ri
ulvn dyhuvlrq1 Wkh yhuvlrq zlwk wkh gluhfw ulvn wrohudqfh phdvxuh vkrzv yluwxdoo| qr hhfw
ri ulvn wrohudqfh rq sruwirolr fkrlfh1 Wkh hvwlpdwhv ri wkh hhfw ri wkh rwkhu h{sodqdwru|
yduldeohv duh txdolwdwlyho| vlplodu dfurvv wkh wkuhh yhuvlrqv1 Lqfrph kdv d srvlwlyh hhfw
rq wkh sruwirolr vkduh ri wkh ulvn| dvvhw dqg d qhjdwlyh hhfw rq wkh sruwirolr vkduh ri
wkh rwkhu dvvhw1 Wkh hhfwv ri zhdowk duh wkh rssrvlwh ri wkrvh iru lqfrph1 Djh dqg
djh vtxduhg duh dozd|v mrlqwo| vljqlfdqw/ zkhuhdv hgxfdwlrq lv qhyhu vljqlfdqw1 Iru wkh
yhuvlrq zlwk ulvndw4 dqg ulvndw6/ wkh sdudphwhuv ri wkh hvwlpdwhg djh ixqfwlrqv lpso| wkdw
wkh vkduh ri wkh ulvn| dvvhw zloo ulvh prqrwrqlfdoo| zlwk djh/ zkhuhdv wkh vkduh ri wkh rwkhu
dvvhw zloo idoo diwhu djh 631 Jhqghu grhv qrw h{huw d vwdwlvwlfdoo| vljqlfdqw lq xhqfh rq
sruwirolr fkrlfh1 Wkh sdudphwhu  lv hvwlpdwhg durxqg 18/ vr wkdw erwk yduldeohv pdnlqj
xs wkh ulvn wrohudqfh yduldeoh duh kdylqj dq doprvw htxdo lq xhqfh1
Wkh sdudphwhuv ri wkh yduldqfh fryduldqfh pdwul{ +$ M > $ K / , duh phdvxuhg yhu| suh0
flvho|1 Dowkrxjk rqh pljkw eh vxvslflrxv ri wkh hvwlpdwhg vwdqgdug huuruv/ hvwlpdwlrq ri
wkh prgho zlwk vlpxodwhg gdwd +zlwk ydu|lqj vdpsoh vl}hv, jhqhudoo| surgxfhg sdudphwhu
hvwlpdwhv wkdw zhuh zhoo zlwklq wzr vwdqgdug huuruv durxqg wkh wuxh sdudphwhuv1 Wkxv/ lw
grhv qrw vhhp olnho| wkdw wkh hvwlpdwhg vwdqgdug huuruv duh vhyhuho| eldvhg wrzdugv }hur f
g
Ri frxuvh/ wklv lv doo suhglfdwhg rq wkh dvvxpswlrq wkdw wkh prgho vshflfdwlrq lv fruuhfw1
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Wdeoh 61<= Hvwlpdwlrq uhvxowv iru wkh ixoo prgho +wrwdo dvvhwv,
Ulvndw426 Fduhixo2Suhf1 Ulvn wrohudqfh
Sdudphwhu2yduldeoh Hvw1 w0ydo1 Hvw1 w0ydo1 Hvw1 w0ydo1
Ulvn| Dvvhw
orj0lqfrph 1465 6186 14:: 8159 13<9 41;6
jhqghu 1369 4176 1339 159 138< 413:
plggoh hgxfdwlrq 137< 418: 139: 5163 1383 413:
kljkhu hgxfdwlrq 1395 513: 13:: 5196 13;9 41<3
orj0zhdowk 014:: 4413 01557 481: 01556 431<
djh 01349 5174 01338 1;3 01346 4158
djh vtxduhg 13335 6179 13334 41<< 13335 5138
frqvwdqw 4135 6144 4148 61;9 41<:; 61<3
Rwkhu Dvvhw
orj0lqfrph 014:: 7197 01547 91<7 01486 6166
jhqghu 01367 415< 01356 4138 0137: 1<;
plggoh hgxfdwlrq 01368 413< 01367 4163 1363 1:9
kljkhu hgxfdwlrq 0138; 41;6 139< 5187 013:3 41:<
orj0zhdowk 1657 5617 166< 591< 165< 4;1:
djh 133< 4159 1335 176 1349 41:7
djh vtxduhg 013334 5163 013334 41:3 013335 5175
frqvwdqw 4198 8133 04174 815< 05146 71;:
$ M 1579 531: 1644 571< 15;3 4915
$ K 164; 5;15 1683 5<16 1635 4<17
 01;8< 7:17 01<45 <<18 01<37 8:16
 MM 518< 41:; 6195 4169 13<; 15:Vhjik V9hlh%V^i&i 01<< 0 01<< 0 01<< 0
 KK 164< 4166 16<; 4149 133: 159
 185: 91:4 193: 41;7 0 0
Hohphqwv ri K }hurB " K E2 ' e2=2 " K E2 ' 2=. " K E2 ' =f.
Qxpehu ri rev1 :95 4657 849
orj0olnholkrrg 057:18 08:714 04:31;
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Wkh yduldeohv ulvndw4 dqg ulvndw6 duh olqhdu frpelqdwlrqv ri wkh xqghuo|lqj uhvsrqvhv
wr wkh vxemhfwlyh txhvwlrqv olvwhg lq Vhfwlrq 615 deryh1 Lq sulqflsoh wkhuhiruh/ rqh fdq dovr
xvh wkhvh uhvsrqvhv gluhfwo| lq wkh ghqlwlrq ri wkh ulvn wrohudqfh phdvxuh dqdorjrxv wr
+6166,1 Wdeoh 6143 surylghv wkh hvwlpdwhv ri wkh zhljkwv ri hdfk ri wkhvh yduldeohv lq wkh ulvn
wrohudqfh phdvxuh +vhh wkh froxpqv zlwk khdglqj Doo lqfoxghg,1 Wkh rwkhu sdudphwhuv
ri wklv yhuvlrq ri wkh prgho kdyh ehhq vxssuhvvhg iru uhdvrqv ri vsdfh1 Wkh| duh vlplodu wr
wkh uhvxowv uhsruwhg lq Wdeoh 61< iru ulvndw4 dqg ulvndw6 +h{fhsw iru wkh hohphqwv ri K> vhh
ehorz,1 Wkh olnholkrrg ri wkh prgho zlwk vhsdudwh sdudphwhuv iru hdfk ri wkh ulvn dwwlwxgh
uhvsrqvhv lv vxevwdqwldoo| kljkhu wkdq lq wkh prgho zkhuh wkhvh phdvxuhv duh frpelqhg
yld sulqflsdo frpsrqhqwv +orj0olnholkrrg lq Wdeoh 61< lv htxdo wr 057:18/ zkhuhdv lq Wdeoh
6143 wkh orj0olnholkrrg lv htxdo wr 05691;,1 Zh revhuyh iurp Wdeoh 6143 wkdw wkh vxemhfwlyh
yduldeohv duh grplqdwhg e| vsddu51 Uhfdoo wkdw wklv lv wkh uhvsrqvh wr wkh txhvwlrq
Lqyhvwlqj lq vwrfnv lv vrphwklqj L grq*w gr/ vlqfh lw lv wrr ulvn|1 Wkh idfw wkdw wkh zrug
vwrfnv lv phqwlrqhg h{solflwo| lq wklv txhvwlrq pd| h{sodlq zk| wklv yduldeoh grplqdwhv
doo rwkhuv lq h{sodlqlqj sruwirolr fkrlfh1 Lqghhg zh revhuyh wkdw d mrlqw whvw ri vljqlfdqfh
ri wkh sdudphwhuv ri wkh rwkhu ulvn dwwlwxgh phdvxuhv grhv qrw uhmhfw wkh qxoo wkdw wkhvh
sdudphwhuv duh doo }hur +" K E. ' f=D.> s ' =S1 Li zh uh0hvwlpdwh wkh prgho zlwk vsddu5
h{foxghg/ +vhh wkh froxpqv zlwk khdglqj Vsddu5 h{foxghg, wkh uhpdlqlqj ulvn dwwlwxgh
yduldeohv wxuq rxw wr eh vwdwlvwlfdoo| kljko| vljqlfdqw +" K E. ' ..=S> s ' =fff= Vlqfh
wkhvh rwkhu ulvn dwwlwxgh yduldeohv duh pxfk ohvv gluhfwo| uhodwhg wr lqyhvwphqwv lq vwrfnv/
lw dsshduv wkdw wkh| pd| fdswxuh jhqxlqh ulvn suhihuhqfhv dqg wkdw wkh| kdyh d vljqlfdqw
hhfw rq revhuyhg sruwirolr fkrlfhv1 Zh dovr revhuyh wkdw wkh olnholkrrg iru wklv fdvh lv
vwloo vrphzkdw kljkhu wkdq zkhq zh lqfoxgh ulvndw4 dqg ulvndw6 +l1h1 wkh uvw froxpq lq
Wdeoh 61<,/ zklfk lqfoxgh vsddu5 dv frpsrqhqw1
Ilqdoo|/ zh qrwh wkdw e| lqyhuwlqj K zh rewdlq dq hvwlpdwh ri wkh yduldqfh frydul0











/ zkhuh wkh r0gldjrqdo hohphqw lv wkh fruuhodwlrq
udwkhu wkdq wkh fryduldqfh Wkh hohphqwv ri K duh vrphzkdw vpdoohu wkdq uhsruwhg lq Wdeoh
61< iru wkh vshflfdwlrq zlwk ulvndw4 dqg ulvndw61 Gxh wr wkh qhdu0vlqjxodulw| ri K/ wkh
r0gldjrqdo hohphqwv ri P
UXM
duh yhu| odujh dqg yhu| vhqvlwlyh wr wkh duelwudu| orzhu erxqg
zh lpsrvhg rq wkh r0gldjrqdo hohphqw ri K= Wkh vfdoh ri P lv duelwudu| dw wklv srlqw/ dv
wkh vfdoh ri wkh ulvn wrohudqfh phdvxuh +6166, lv duelwudu|1 Wr wkh h{whqw wkdw rqh dffhswv
wkh orzhu erxqg rq wkh r0gldjrqdo ri K dv uhdvrqdeoh/ rqh revhuyhv wkdw wkh yduldqfh
fryduldqfh pdwul{ lpsolhv wkdw wkh vhfrqg ulvn| dvvhw kdv d kljkhu hvwlpdwh ri shufhlyhg
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yduldqfh lq uhwxuqv wkdq wkh uvw rqh1 Wklv lv d gluhfw frqvhtxhqfh ri wkh idfw wkdw wkh
vkduh ri wkh ulvn| dvvhw lv pxfk pruh vhqvlwlyh wr wkh ulvn dwwlwxgh ri d uhvsrqghqw wkdq
wkh vkduh ri wkh rwkhu dvvhw1 Iru wklv vshflfdwlrq/ wkh vkduhv ri wkh dvvhwv gr qrw ydu|
vljqlfdqwo| zlwk djh1
Wdeoh 6143= Wkh hvwlpdwhv iru wkh vhsdudwh ulvn dwwlwxgh yduldeohv
Doo lqfoxghg Vsddu5 h{foxghg
Yduldeoh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh
vsddu4 013:< 4159 17;6 5143
vsddu5 19<9 91;9
vsddu6 013337 134 019<: 61;8
vsddu7 139; 1<6 01385 14<
vsddu8 13<7 4185 1434 17:
vsddu9 145: 4177 4188 81:8
vsddup36 013337 134 01<53 6138
vsddup45 137 189 01348 138
vsddup46 1386 17< 1886 51<4
Whvwv ri mrlqw vljqlfdqfh
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61815 Uhvxowv iru vkduhv ri jurvv qdqfldo zhdowk
Wkh vkduhv lq qdqfldo zhdowk duh ghqhg dv iroorzv= +d, wkh qrq0ulvn| dvvhw ghqhg lq
Wdeoh 61:> +e, d ulvn| dvvhw frpsulvlqj jurzwk dqg pxwxdo ixqgv/ vwrfnv/ dqg rswlrqv> +f,
dq rwkhu dvvhw frqvlvwlqj ri erqgv dqg prqh| ohqw rxw1 Wdeohv 6144 dqg 6145 suhvhqw
uhvxowv dqdorjrxv wr Wdeohv 61< dqg 6143/ exw qrz iru vkduhv ri qdqfldo dvvhwv1 Lq frqwudvw
wr wkh fdvh ri vkduhv lq wrwdo dvvhwv/ wkh hohphqwv ri K qhhg qrw eh uhvwulfwhg wr jxdudqwhh
srvlwlyh ghqlwhqhvv1 Wkh hvwlpdwhv ri K duh mrlqwo| vljqlfdqw iru erwk wkh yhuvlrq zlwk
ulvndw4 dqg ulvndw6 dqg wkh yhuvlrq zlwk fduhixo dqg suhfdxwlrq/ exw qrw iru wkh yhuvlrq
zlwk wkh gluhfw ulvn wrohudqfh phdvxuh1 Lq wkh odwwhu fdvh zh pruhryhu kdg wr uhvwulfw wkh
r0gldjrqdo hohphqw ri K wr dyrlg lqghqlwhqhvv1 Wkh sdwwhuq ri wkh vljqv ri wkh hvwlpdwhg
sdudphwhuv lv doprvw lghqwlfdo lq Wdeohv 61< dqg 61441 Khqfh rxu glvfxvvlrq ri Wdeoh 61<
fduulhv ryhu wr Wdeoh 61441 Wkh hvwlpdwhv ri K fdqqrw eh frpsduhg gluhfwo| dfurvv wkh uvw
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wzr vshflfdwlrqv lq Wdeoh 616/ dv wkh vfdohv ri wkh ulvn dwwlwxgh phdvxuhv glhu1 Wkh mrlqw
whvw ri vljqlfdqfh ri wkh hohphqwv ri K |lhogv vpdoohu s0ydoxhv iru wkh vhfrqg vshflfdwlrq
wkdq iru wkh uvw rqh/ exw wkh qxpehu ri revhuydwlrqv lv dovr frqvlghudeo| odujhu lq wkh
vhfrqg vshflfdwlrq1
Uhjduglqj Wdeoh 6145/ wkh yduldeoh vsddu5 rqfh djdlq grplqdwhv/ exw qrz hyhq lq
wkh yhuvlrq zlwk vsddu5 lqfoxghg wkh rwkhu ulvn dwwlwxgh yduldeohv uhpdlq vljqlfdqw1 Lq
wkh yhuvlrq zlwk vsddu5 h{foxghg wkdw lv hyhq pruh wkh fdvh1 Wkh hvwlpdwhv ri K dqg












Rqfh djdlq/ wkh hvwlpdwhg
shufhlyhg yduldqfh lq uhwxuqv ri wkh vhfrqg ulvn| dvvhw lv odujhu wkdq wkh uvw rqh1 Wkh
qxpehuv lq P duh pxfk pruh uhdvrqdeoh wkdq iru wrwdo dvvhwv gxh wr wkh idfw wkdw wkh
pdwul{ K lv pxfk ehwwhu frqglwlrqhg1
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Wdeoh 6144= Hvwlpdwlrq uhvxowv iru wkh ixoo prgho +qdqfldo dvvhwv,
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619 Frqfoxglqj uhpdunv
Zh kdyh h{soruhg wkh h{sodqdwru| srzhu ri d qxpehu ri glhuhqw vxemhfwlyh phdvxuhv ri
ulvn dyhuvlrq iru wkh h{sodqdwlrq ri sruwirolr fkrlfh1 Wkh yduldeoh ulvn wrohudqfh/ zklfk
kdv wkh uphvw jurxqglqj lq hfrqrplf wkhru|/ dsshduv wr kdyh yhu| olwwoh h{sodqdwru|
srzhu1 Wkhuh duh d ihz glhuhqw srvvleoh h{sodqdwlrqv iru wklv1 Iluvw ri doo/ wkh txhvwlrq lv
txlwh frpsolfdwhg dqg pdq| uhvsrqghqwv pd| kdyh d kdug wlph xqghuvwdqglqj wkh h{dfw
phdqlqj ri wkh txhvwlrq1 Vhfrqgo|/ wkh txhvwlrq frqglwlrqv rq d uhvsrqghqw*v fxuuhqw
vlwxdwlrq1 Vr iru lqvwdqfh d ulvn wrohudqw lqglylgxdo zlwk d ulvn| sruwirolr pd| eh lqgxfhg wr
fkrrvh d vdih lqfrph vwuhdp/ vlqfh vkh lv douhdg| h{srvhg wr frqvlghudeoh ulvn1 Frqyhuvho|/
d ulvn dyhuvh lqglylgxdo zlwk d yhu| vdih sruwirolr fdq drug wr fkrrvh d ulvnlhu lqfrph
sdwk1 Lq erwk fdvhv wkh revhuyhg uhodwlrqvkls ehwzhhq wkh phdvxuhg ulvn wrohudqfh dqg
sruwirolr fkrlfh lv dwwhqxdwhg1
Wkh yduldeohv ulvndw4 dqg ulvndw6 h{wudfwhg iurp d idfwru dqdo|vlv ri dg krf phdvxuhv
dsshdu wr eh grlqj frqvlghudeo| ehwwhu lq whupv ri h{sodqdwru| srzhu/ erwk iru wrwdo
dvvhwv dqg iru qdqfldo dvvhwv1 \hw/ forvhu dqdo|vlv uhyhdov wkdw prvw ri wkh h{sodqdwru|
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srzhu ri wkhvh yduldeohv frphv iurp rqh txhvwlrq/ zklfk dvnv gluhfwo| iru wkh vxemhfwlyh
hydoxdwlrq ri wkh ulvnlqhvv ri lqyhvwlqj lq vwrfnv1 Rplwwlqj wklv yduldeoh vkrzv wkdw erwk
lq d prgho zlwk doo dvvhwv dqg lq d prgho zlwk mxvw qdqfldo dvvhwv wkh dg krf phdvxuhv
vwloo uhwdlq d kljko| vljqlfdqw lq xhqfh rq sruwirolr doorfdwlrq1 Lqwhuhvwlqjo|/ lq wkh prgho
iru qdqfldo dvvhwv wkh phdvxuhv fduhixo dqg suhfdxwlrq dovr frqwulexwh vljqlfdqwo| wr wkh
h{sodqdwlrq ri sruwirolr vkduhv1 Wklv uhlqirufhv wkh qrwlrq wkdw lqwxlwlyh dg krf phdvxuhv
pd| eh pruh srzhuixo lq h{sodlqlqj sruwirolr fkrlfh wkdq wkhru| edvhg/ exw frpsolfdwhg/
ulvn wrohudqfh phdvxuhv1
Wkxv/ wkh fkdswhu surylghv hylghqfh wkdw lqglylgxdoo| phdvxuhg ulvn suhihuhqfh ydul0
deohv khos h{sodlq sruwirolr doorfdwlrq lq olqh zlwk hfrqrplf wkhru|1 Shukdsv vxusulvlqj
wr hfrqrplvwv/ vlpsoh lqwxlwlyh phdvxuhv ri ulvn suhihuhqfhv dsshdu wr eh pruh srzhuixo
suhglfwruv ri sruwirolr doorfdwlrq wkdq pruh vrsklvwlfdwhg phdvxuhv zlwk d uphu edvlv lq
hfrqrplf wkhru|1 \hw/ iru hpslulfdo dqdo|vlv wklv pd| eh jrrg qhzv1 Wkh dg krf txhvwlrqv
duh pxfk hdvlhu wr dvn dqg ghpdqg frqvlghudeo| ohvv lpdjlqdwlrq ri uhvsrqghqwv/ zklfk
pd| eh h{dfwo| zk| wkh vlpsoh phdvxuhv zrun ehwwhu1
Wkh prghoolqj ri lqfrpsohwh sruwirolrv e| h{solflw xvh ri Nxkq0Wxfnhu frqglwlrqv lv
idluo| vwudljkwiruzdug dqg hvwlpdwlrq ri wkh uhvxowlqj prgho |lhogv zhoo ghwhuplqhg hvwl0
pdwhv ri d qxpehu ri nh| sdudphwhuv1 Vr idu zh kdyh uhvwulfwhg rxuvhoyhv wr mxvw wkuhh
eurdg jurxs ri dvvhwv1 Wkh vhw0xs fdq eh hdvlo| jhqhudol}hg wr pruh wkdq wkuhh dvvhwv/
dowkrxjk wkh frpsxwdwlrqdo frvw zloo xqgrxewhgo| lqfuhdvh1
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714 Lqwurgxfwlrq
Wkh shuvrqdo glvfrxqw udwh lv rqh ri wkh nh| hohphqwv ri lqwhuwhpsrudo ghflvlrq pdnlqj1 n
Qrqhwkhohvv/ dv Iuhghulfn/ Orhzhqvwhlq dqg R*Grqrjkxh +5334, kdyh uhfhqwo| vkrzq/ wkh
qxphurxv hpslulfdo dwwhpswv wr phdvxuh glvfrxqw udwhv ryhu wkh sdvw wkuhh ghfdghv kdyh
idlohg wr lghqwli| dq| urexvw hvwlpdwhv dfurvv vwxglhv1 Prvw ri wkhvh vwxglhv/ krzhyhu/ uho|
rq h{shulphqwv zlwk d srwhqwldoo| olplwhg jhqhudol}delolw| wr uhdo zruog fkrlfhv1
D sduwlfxoduo| frpshoolqj hog vwxg| lq whupv ri pdjqlwxghv ri vwdnhv dqg wkh fuhgl0
elolw| ri sd|rxwv kdv uhfhqwo| ehhq suhvhqwhg e| Zduqhu dqg Sohhwhu +5334,1 Dv sduw ri
d XV plolwdu| grzqvl}lqj surjudp yroxqwhhuv zhuh jlyhq wkh fkrlfh ehwzhhq dq dqqxlw|
ryhu d qxpehu ri |hduv +uhodwhg wr suhylrxv |hduv lq vhuylfh, dqg d rqhwlph oxpsvxp
sd|phqw/ erwk ghshqglqj rq wkh ohdyhu*v suhylrxv vdodu| dqg |hduv ri vhuylfh1 D odujh
pdmrulw| ri wkh yroxqwhhuv fkrvh wkh oxpsvxp dowkrxjk wkh lpsolflw glvfrxqw udwh  wkh
udwh dw zklfk wkh suhvhqw ydoxh ri wkh dqqxlw| dqg wkh oxpsvxp zhuh htxdo  dprxqwhg
wr 4:( +lq qrplqdo whupv,1 Wkh dxwkruv wkhq hvwlpdwh wkh xqghuo|lqj glvfrxqw udwhv dqg
qg ydoxhv ri 3631 Lw lv lpsruwdqw wr srlqw rxw/ krzhyhu/ wkdw doo wkhvh yroxqwhhuv zhuh
dw d vshflf vwdjh ri wkhlu olihf|foh dqg idfhg frqvwudlqwv wkdw duh suhvxpdeo| glhuhqw
iurp frqvwudlqwv shrsoh idfh dw rwkhu djhv1 Prvw lpsruwdqwo|/ eruurzlqj frqvwudlqwv dqg
grzqsd|phqw uhtxluhphqwv iru pruwjdjhv pd| kdyh lq xhqfhg wkh fkrlfh pxfk pruh wkdq
wkh glvfrxqw idfwru1
Zh xvh d vdpsoh ri lqglylgxdov idflqj d vlplodu fkrlfh ehwzhhq d oxps vxp sd|phqw dqg
dq dqqxlw| xsrq uhwluhphqw lq Vzlvv shqvlrq ixqgv wr surylgh vrph dgglwlrqdo hylghqfh1 o
Zh vkrz wkdw lq d vhwwlqj zlwk hyhq odujhu vwdnhv +8 wr 43 wlphv wkh dprxqw wkh plolwdu|
shuvrqqho idfhv,/ pdq| pruh shrsoh +lq idfw d odujh pdmrulw|, lqghhg fkrrvh wkh dqqxlw|
rswlrq1 Dssduhqwo|/ pdq| ri wkh frqvwudlqwv lqglylgxdov idfh dw djh 63 duh jrqh ru kdyh
fkdqjhg dw djh 981
Rxu fkdswhu kdv wzr jrdov= Wkh uvw lv wr h{sodlq zk| d ghflvlrq ehwzhhq d oxpsvxp
dqg dq dqqxlw| pd| eh lq xhqfhg e| frqvwudlqwv wkdw ydu| ryhu wkh olihf|foh1 Wklv pd|
ohdg wr glhuhqfhv lq wkh phdvxuhg glvfrxqw udwhv ryhu wkh olihf|foh hyhq li wkh xqghuo|lqj
glvfrxqw udwh zhuh frqvwdqw1 Wkh vhfrqg jrdo lv wr surylgh vrph dgglwlrqdo hylghqfh wr
wkh qglqjv ri Zduqhu ) Sohhwhu iurp dq htxdoo| uholdeoh vdpsoh wkdw lv qrw sodjxhgp
Vhh/ iru h{dpsoh/ Fduroo ) Vdpzlfn +4<<:, dqg Jrxulqfkdv ) Sdunhu +5334,1q
Rffxsdwlrqdo shqvlrq vfkhphv/ frqvwlwxwlqj wkh vhfrqg sloodu ri Vzlvv rog djh lqvxudqfh/ duh sulydwho|
pdqdjhg +xvxdoo| e| wkh up,/ exw duh pdqgdwru| iru doo zrunhuv hduqlqj d |hduo| lqfrph ri pruh wkdq
55*333 Viu + 47*333 XV', dqg duh/ wkhuhiruh/ khdylo| uhjxodwhg1 Wkh ydvw pdmrulw| ri Vzlvv zrunhuv lv
fryhuhg e| vxfk d vfkhph1
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e| vhohfwlrq eldv dqg rhuv dq hyhq pruh lpsuhvvlyh uhdo fkrlfh lq whupv ri pdjqlwxgh
ehwzhhq wkh wzr rswlrqv1
Xqolnh pdq| rwkhu frqwulexwlrqv lq wkh duhd/ zh gr qrw sulpdulo| irfxv rq srwhqwldo
ghsduwxuhv iurp wkh dvvxpswlrq ri d vlqjoh xqghuo|lqj glvfrxqw udwh ru rwkhu fkrlfh dqrp0
dolhv/ exw olnh wr srlqw rxw wkdw glhuhqw hvwlpdwhv pd| eh lqkhuhqwo| uhodwhg wr dq djhqw*v
srvlwlrq lq wkh olihf|foh1
Lq wkh iroorzlqj Vhfwlrq 715 zh surylgh vrph wkhruhwlfdo uhdvrqv zk| phdvxuhphqwv
ri shuvrqdo glvfrxqw udwhv pd| vxhu iurp dq djhghshqghqw eldv hyhq li wkh xqghuo|lqj
glvfrxqw udwh zdv frqvwdqw gxulqj wkh hqwluh olih1 Vhfwlrq 716 glvfxvvhv lpsruwdqw dvshfwv
ri d fkrlfh ehwzhhq dq dqqxlw| dqg oxps vxp fdslwdo dw uhwluhphqw/ dqg Vhfwlrq 717
suhvhqwv wkh fruuhvsrqglqj hpslulfdo hylghqfh1 Vhfwlrq 718 frqfoxghv wkh fkdswhu1
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Ryhu wkh olihf|foh d w|slfdo djhqwv idfhv glhuhqw frqvwudlqwv wkdw pd| eldv khu fkrlfh
ehwzhhq dq dqqxlw| dqg d oxpsvxp hyhq li wkh djhqw zdv lqglhuhqw ehwzhhq wkh wzr lq
wkh devhqfh ri wkh frqvwudlqwv1 Wr looxvwudwh wkh glhuhqw idfwruv zh frpsduh wkh w|slfdo
Zduqhu ) Sohhwhu lqglylgxdo zlwk d shuvrq dw uhwluhphqw dv lq rxu vdpsoh1
71514 Eruurzlqj frqvwudlqwv/  h{lelolw| dqg +lu,uhyhuvlelolw| ri
fkrlfh
Dv d odujh olwhudwxuh kdv vkrzq r / eruurzlqj frqvwudlqwv duh olnho| wr elqg dw dq hduo| vwdjh
ri dq djhqw*v surihvvlrqdo fduhhu/ zkloh wkh| duh yhu| xqolnho| wr eh lpsruwdqw durxqg wkh
uhwluhphqw djh1 D oxpsvxp dw |rxqj djhv pd|/ wkhuhiruh/ hdvh wkh eruurzlqj frqvwudlqw
d elw/ dqg doorz/ iru h{dpsoh/ wkh grzqsd|phqw iru d krxvh1 Lq wklv fdvh/ wkh djhqwv
lv zloolqj wr jlyh xs vrph ri wkh gluhfw sd|r ri wkh dqqxlw| lq idyru ri uhod{lqj wkh
eruurzlqj frqvwudlqw1
Forvho| uhodwhg wr eruurzlqj frqvwudlqwv dqg vlplodu fdslwdo pdunhw lpshuihfwlrqv lv
wkh srwhqwldo +lu,uhyhuvlelolw| ri fkrlfh= Fhwhulv sdulexv/ udwlrqdo djhqwv vkrxog fkrrvh wkh
pruh  h{leoh rswlrq1 Lq Zduqhu ) Sohhwhu*v fdvh wklv lv prvw suredeo| wkh fdslwdo rswlrq/s
Fduroo ) Vdpzlfn +4<<:,/ Vdpzlfn +4<<;, dqg Jrxulqfkdv ) Sdunhu +5334, vwuhvv wkh lpsruwdqfh ri
eruurzlqj frqvwudlqwv iru olih0f|foh ghflvlrq pdnlqj1
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zklfk fdq eh hdvlo| wudqvodwhg lqwr d vwuhdp ri uhjxodu sd|phqwv ryhu d fhuwdlq shulrg1
Qrwh dovr wkdw rqfh wkh djhqw kdv fkrvhq wkh dqqxlw|/ wkh frvw kh kdv wr lqfxu wr jhw d oxps
vxp edfn lv kljk gxh wr wkh kljk lqwhuhvw udwh rq +xqedfnhg, vpdoo ordqv1 Wklv wudghr
lq idyru ri d oxpsvxp lv idu ohvv dssduhqw dw djh 981 Dowkrxjk lw lv vwloo uhodwlyho| fkhds
wr wudqvirup wkh oxpsvxp lqwr d vwuhdp ri sd|phqwv iru d olplwhg wlph/ lw lv d orw pruh
gl!fxow wr jhw wkh ruljlqdo dqqxlw| rswlrq edfn dv wkh sulydwh dqqxlw| pdunhw lv sodjxhg
e| dgyhuvh vhohfwlrq hhfwv1 Wudqviruplqj dq dqqxlw| edfn lqwr d oxpsvxp lv hdvlhu li
wkh ordq fdq eh edfnhg xs e| dvvhwv +vxfk dv krxvlqj, zklfk lv idu pruh olnho| dw djh 98
wkdq dw djh 631 Wkh hoghuo| zloo/ wkhuhiruh/ eh pruh olnho| wr fkrrvh wkh dqqxlw| wkdq wkh
|rxqj hyhq li wkh xqghuo|lqj glvfrxqw udwh zdv wkh vdph1 Wklv zloo ohdg wr dq xszdug
eldv ri hvwlpdwhg glvfrxqw udwhv dw |rxqjhu djhv1
71515 Pdjqlwxgh hhfwv
D odujh erg| ri olwhudwxuh +Dlqvolh dqg Ydugd Kdhqgho/ 4<;6> Wkdohu/ 4<;4> Orhzhqvwhlq/
4<;: dprqj rwkhuv, srlqwv rxw wkdw vpdoo rxwfrphv duh glvfrxqwhg dw d kljkhu udwh wkdq
odujh rqhv1 t Dowkrxjk sulpdulo| ylhzhg dv d fkrlfh dqrpdo|/ vrph dvshfwv ri wklv pdjql0
wxgh hhfw pd| eh h{sodlqhg e| wkh lpsdfw ri qhjohfwhg frqvwudlqwv ru qhjohfwhg dvshfwv
lq d shuvrq*v xwlolw| ixqfwlrq1
Ohw xv uvw frqvlghu wkh fdvh ri dq lqglylgxdo zlwk d orz ohyho ri dffxpxodwhg fdslwdo1
Dq dqqxlw|/ hyhq vpdoo/ pd| eh ghwulphqwdo wr wkh holjlelolw| iru lqfrph vxssruw surjudpv
iru d |rxqj djhqw1 Wkh vdph lv wuxh iru uhwluhhv zkr/ xqghu fhuwdlq flufxpvwdqfhv/ fdq
dsso| iru dgglwlrqdo vxssruw1 Lq prvw surjudpv/ zhdowk lv rqo| wdnhq lqwr dffrxqw li lw
h{fhhgv d fhuwdlq wkuhvkrog ohyho zkloh uhjxodu qrqoderu lqfrph frxqwv iurp wkh uvw
groodu1 Lw lv wkxv rswlpdo wr fkrrvh wkh oxpsvxp rswlrq iru orz ohyhov ri fdslwdo1
Rwkhu wkdq rq pdjqlwxgh hhfwv/ dq djhqw*v fkrlfh ehwzhhq dq dqqxlw| dqg d oxps
vxp sd|phqw pd| ghshqg rq wkh iroorzlqj idfwruv=
41 glhuhqwldo pruwdolw|= dffxpxodwhg fdslwdo lv d jrrg lqglfdwru ri d shuvrq*v olihwlph
lqfrph dqg vrfldo vwdwxv1 u Wkh suredelolw| ri fkrrvlqj wkh oxps vxp lv ghfuhdvlqjv
Vkdqh/ Orhzhqvwhlq dqg R*Grqrjkxh +5334, uhsruw wkdw 111 Lq Wkdohu*v +4<;4, vwxg|/ iru h{dpsoh/
uhvsrqghqwv zhuh/ rq dyhudjh/ lqglhuhqw ehwzhhq '48 lpphgldwho| dqg '93 lq d |hdu/ '583 lpphgldwho|
dqg '683 lq d |hdu/ dqg '6333 lpphgldwho| dqg '7333 lq d |hdu/ lpso|lqj glvfrxqw udwhv ri 46<(/ 67(
dqg 5<( uhvshfwlyho|1 +s14<,1 Lq rwkhu zrugv/ iru vpdoo vwdnhv djhqwv jhqhudoo| suhihu dq hduo| sd|phqw
wr d ghihuuhg rqh hyhq lq wkh fkrlfh lpsolhv d kljk glvfrxqw udwh1 Lq rxu fdvh/ wkh oxps vxp rswlrq rhuv
vxfk dq hduo| sd|phqw1w
Lq Vzlw}huodqg/ d shuvrq ehorqjv wr rqh shqvlrq ixqg rqo| e| odz1
7151 Zk| phdvxuhphqwv ri shuvrqdo glvfrxqw udwh pd| eh djhghshqghqw 98
lq fdslwdo1 Wklv hhfw lv vwurqjhu iru orz ohyhov ri fdslwdo1
51 frqvxpswlrq dqg ehtxhvw prwlyhv= wkh kljkhu wkh dqqxlw|/ wkh orzhu wkh pdujlqdo
xwlolw| ri frqvxpswlrq dw wkh jlyhq ohyho1 Shrsoh pljkw suhihu wr krog wkhlu shqvlrq
zhdowk lq wkh irup ri fdslwdo wr eh deoh wr ehtxhdwk lw wr wkhlu fkloguhq +dw ohdvw
sduwldoo|,1 x
61 suhihuhqwldo wd{ wuhdwphqw= Lq Vzlw}huodqg/ wkhuh lv fohduo| d wd{ dgydqwdjh wr zlwk0
gudz wkh dffxpxodwhg shqvlrq zhdowk lq wkh irup ri d oxps vxp1 Wklv hhfw lv
pxfk vwurqjhu iru kljk dqg yhu| kljk ohyhov ri fdslwdo1
71 lqyhvwphqw rssruwxqlwlhv +dqg vnloov,= Lw lv pxfk hdvlhu wr qg jrrg lqyhvwphqw sodqv
iru odujhu ohyhov ri fdslwdo1 Ghshqglqj rq wkh qdqfldo khdowk ri wkh shqvlrq ixqg/
sulydwh lqyhvwphqw pljkw eh pruh surwdeoh/ surylghg wkh fdslwdo lv kljk hqrxjk1
Wr vxppdul}h/ pdjqlwxgh hhfwv dqg glhuhqwldo pruwdolw| vkrxog ohdg wr d ghfuhdvlqj
suredelolw| ri fkrrvlqj wkh oxps vxp iru orz dqg prghudwh ohyhov ri shqvlrq zhdowk/
zkhuhdv wkh odwwhu wkuhh idfwruv hqolvwhg deryh vkrxog ohdg wr dq lqfuhdvh lq wkh olnholkrrg
ri fkrrvlqj wkh oxps vxp dw uhodwlyho| kljk ohyhov ri fdslwdo1 Wdnhq wrjhwkhu/ wkhvh wzr
hhfwv vkrxog ohdg wr d Xvkdshg uhodwlrqvkls ehwzhhq wkh suredelolw| ri fkrrvlqj wkh
oxps vxp rswlrq dqg wkh wrwdo vwrfn ri fdslwdo dw uhwluhphqw1 Dv Zduqhu ) Sohhwhu
lqyhvwljdwhg fkrlfhv ryhu uhodwlyho| vpdoo vxpv/ lw lv wkxv qrw vxusulvlqj wkdw wkh| qg
kljkhu lpsolflw glvfrxqw udwhv1
71516 Lqvxudqfh dvshfwv
Dq dqqxlw| dw djh 63 reylrxvo| surylghv olwwoh lqvxudqfh djdlqvw ydulrxv frqwlqjhqflhv
hvshfldoo| li lw lv uhodwlyho| vpdoo1 Qrw vr wkh oxps vxp= Wkh glvplvvhg djhqwv duh suredeo|
mreohvv dqg zloo qhhg d idoo edfn dprxqw ri prqh| iru wkh uvw ihz prqwkv1 Qrw qglqj d
mre gxulqj wkh uhodwlyho| orqj shulrg ri wkh dqqxlw|/ rq wkh rwkhu kdqg/ lv d orz suredelolw|
hyhqw1 Wklv lv hyhq pruh wuxh li djhqwv duh xqdeoh wr eruurz1 Dv Ghdwrq +4<<4, vkrzv/
wkh suhvhqfh ri oltxlglw| frqvwudlqwv uhlqirufhv wkh suhfdxwlrqdu| prwlyh iru vdylqj/ hyhq
li shrsoh duh lpsdwlhqw1 Lq vxfk d iudphzrun/ dvvhwv duh qrw ghvluhg iru wkhlu rzq vdnh/
exw wr exhu  xfwxdwlrqv lq lqfrph1 Zkhq lqfrph lv orz/ wkh djhqw glvvdyhv/ dv hyhq wkhy
Ri frxuvh djhqwv fdq vdyh iru d ehtxhvw lqghshqghqwo| iurp wkh dffxpxodwhg fdslwdo dw uhwluhphqw/
exw wkhuh lv wkh ulvn wr glh suhpdwxuho| dqg wkxv ohdyh d vpdoo dprxqw ri prqh|1 Wkh oxps vxp sd|phqw
jxdudqwhhv d fhuwdlq ohyho ri ehtxhvw1
99 71 Wkh Shuvrqdo Glvfrxqw Udwh= Hylghqfh Iurp Vzlvv Shqvlrq Ixqgv
odvw xqlw ri fdvk lq kdqg lv zruwk pruh qrz wkdq lw lv h{shfwhg wr eh wrpruurz> zkhq
lqfrph lv kljk/ wkh vr0fdoohg vdylqj0iru0d0udlq|0gd| zloo wdnh sodfh1 Lw lv wkhq fohdu wkdw
d oxps vxp sd|phqw zrxog hdvh wkh eruurzlqj frqvwudlqwv pxfk pruh wkdq dq dqqxlw|1
Lq d shqvlrq vhwwlqj wkh lqvxudqfh djdlqvw orqjhylw| lv wkh pruh xujhqw frqfhuq1 Khuh
d oxps vxp surylghv idu ohvv lqvxudqfh wkdq wkh dqqxlw|1 D frqvhtxhqfh ri wkh lqvxudqfh
djdlqvw orqjhylw| lv wkdw zh vkrxog revhuyh glhuhqw +xqdgmxvwhg, glvfrxqw udwhv gxh wr
glhuhqwldo pruwdolw| dffruglqj wr jhqghu/ pdulwdo vwdwxv dqg zhdowk2lqfrph1
Lqvxudqfh dvshfwv vkrxog wkxv eldv wkh hvwlpdwhv ri glvfrxqw udwhv xszdugv iru |rxqj
djhqwv dqg grzqzdugv iru uhwluhg shrsoh1
71517 Rwkhu idfwruv
Zkhwkhu wkh dqqxlw| lv lqgh{hg wr lq dwlrq lv dqrwkhu lpsruwdqw ghwhuplqdqw ri wkh fkrlfh
ehwzhhq wkh wzr rswlrqv1 Lq fdvh lw lv qrw lqgh{hg dv lq wkh plolwdu| grzqvl}lqj surjudp/
qrw rqo| zloo wkh wuxh glvfrxqw udwh eh orzhu wkdq wkh phdvxuhg xqdgmxvwhg rqh/ exw
xqfhuwdlqw| derxw wkh ixwxuh sdwk ri lq dwlrq zloo pdnh wkh fhuwdlq fdslwdo rswlrq pruh
dwwudfwlyh1
Dq lqglylgxdo pd| fkrrvh wkh fdslwdo rswlrq li kh wklqnv kh fdq rewdlq d ehwwhu uhwxuq
wkdq wkh rqh rhuhg iurp wkh dqqxlw| vfkhph1 Lqyhvwphqw rssruwxqlwlhv zloo prvw olnho|
ghshqg rq wkh wrwdo dprxqw wr eh lqyhvwhg/ exw dovr rq lqyhvwphqw delolwlhv1 Wkh kljkhu
dyhudjh fdslwdo vwrfn dw uhwluhphqw pd| idflolwdwh dowhuqdwlyh lqyhvwphqwv hvshfldoo| li
lqyhvwphqw delolwlhv duh fruuhodwhg zlwk zhdowk1
716 Wkh fkrlfh ehwzhhq dqqxlw| dqg oxps vxp fdsl0
wdo dw uhwluhphqw
Wkh fxwr udwh lv wkh glvfrxqw udwh wkdw htxdol}hv wkh suhvhqw ydoxh ri wkh fdslwdo dqg wkh
dqqxlw| rswlrq1 Dv lw pdnhv wkh djhqw lqglhuhqw ehwzhhq wkh oxps vxp dqg wkh dqqxlw|
rswlrq/ wkh fxw0r udwh surylghv d uvw hvwlpdwh ri krz shrsoh fkrrvh1 Zh uvw suhvhqw d
jhqhudo ghulydwlrq ri fxwr udwhv dv d ixqfwlrq ri jhqghu/ pdulwdo vwdwxv/ dqg djh glhuhqfh
ehwzhhq wkh vsrxvhv1 Wkhq zh eulh | h{sodlq krz fxwr udwhv zhuh frpsxwhg lq wkh
gdwd1 Zh xvh glhuhqwldo pruwdolw| dfurvv jhqghu dqg pdulwdo vwdwxv/ exw xqiruwxqdwho|
qrw dfurvv lqfrph jurxsv gxh wr wkh qrqdydlodelolw| ri fruuhvsrqglqj gdwd1
7161 Wkh fkrlfh ehwzhhq dqqxlw| dqg oxps vxp fdslwdo dw uhwluhphqw 9:
71614 Frpsxwlqj fxwr udwhv
Ohw xv lqwurgxfh wkh iroorzlqj qrwdwlrq= P lv wkh pdlq fodlpdqw/l1h1/ wkh shuvrq zkr kdv
dffxpxodwhg wkh fodlp wr wkh shqvlrq v|vwhp/ dqg V lv klv2khu vsrxvh1 Wkh shqvlrqhu*v
vsrxvh V lv g |hduv roghu wkdq wkh pdlq fodlpdqw1 P uhwluhv dw djh M zlwk dq dffxpxodwhg
fdslwdo vwrfn ri N1 z Xsrq uhwluhphqw/ wkh dffxpxodwhg fdslwdo lv hlwkhu zlwkgudzq dv d






zkhuh E ghqrwhv |hduo| ehqhwv { 1
Lq fdvh P glhv dqg lv vxuylyhg e| klv2khu vsrxvh V/ wkh odwwhu jhwv d vxuylyru ehqhw/
zklfk lv d fhuwdlq iudfwlrq  ri wkh pdlq ehqhw E1 Iru vlqjoh/ glyrufhg ru zlgrzhg
djhqwv/ wkh dqdo|vlv lv vlplodu/ wkrxjk pxfk vlpsohu/ dv mrlqw vxuylydo suredelolwlhv gr qrw
kdyh wr eh wdnhq lqwr dffrxqw1
Lq yluwxdoo| doo Vzlvv shqvlrq ixqgv/ shqvlrqv duh lqgh{hg wr wkh frqvxphu sulfh lqgh{/
vr wkh| vwd| +dw ohdvw, frqvwdqw lq uhdo whupv1 Riwhq wkh| hyhq jurz lq uhdo whupv1 Ohw xv
dvvxph iru wkh prphqw/ wkdw shqvlrqhuv h{shfw wkhlu uhdo shqvlrq wr jurz dw d uhdo udwh
j1
Zkhq frpsxwlqj wkh fxwr glvfrxqw udwh zh kdyh wr nqrz wkh frqglwlrqdo suredelolw|
ri vxuylydo wr djh m iru erwk vsrxvhv1 Vxuylydo suredelolwlhv duh doorzhg wr ghshqg rq
pdulwdo vwdwxv/ dqg wkh mrlqw suredelolw| ri vxuylydo lv d ixqfwlrq ri wkh djh glhuhqfh g
ehwzhhq wkh vsrxvhv1 Wkh glvfrxqw udwh lv ghqrwhg 1 Wkh suhvhqw ydoxh ri doo ixwxuh
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+715,
Frpelqlqj +715, zlwk +714,/ zh fdq lpsolflwo| frpsxwh wkh fxwr glvfrxqw udwh  Z wkdw
pdnhv djhqwv lqglhuhqw ehwzhhq d oxps vxp fdslwdo sd|phqw dqg d olihorqj dqqxlw| lq
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+716,

Lq d ghqhg ehqhw v|vwhp/ wklv lv wkh lpsolflwo| ghqhg fdslwdo vwrfn wkdw fruuhvsrqgv wr wkh dqqxlw|1
Qrwh wkdw pdq| ixqgv doorz d sduwldo zlwkgudzdo ri fdslwdo hyhq lq d ghqhg ehqhw v|vwhp1
Djh dqg wkh frqyhuvlrq idfwruv glvsod| d srvlwlyh sdluzlvh fruuhodwlrq fr!flhqw/ htxdo wr 18<:91
9; 71 Wkh Shuvrqdo Glvfrxqw Udwh= Hylghqfh Iurp Vzlvv Shqvlrq Ixqgv
Qrwh wkdw wklv h{suhvvlrq lv vlplodu wr wkh rqh xvhg lq Zduqhu ) Sohhwhu/ exw lv dgmxvwhg
iru +mrlqw, vxuylydo dqg glhuhqwldo pruwdolw| e| pdulwdo vwdwxv1 Iurp htxdwlrq +716, zh
fdq lqihu wkdw wkh fxwr udwh  Z lv=
 d ghfuhdvlqj ixqfwlrq ri wkh djh glhuhqfh g ehwzhhq wkh vsrxvhv/ zkhuh g fdq eh
qhjdwlyh ru srvlwlyh1 Li g zdv srvlwlyh/ wkh suredelolw| wkdw +v,kh zloo vxuylyh wkh
pdlq fodlpdqw zloo eh orz dqg wkh h{shfwhg ohqjwk ri mrlqw vxuylydo vkruw1  Wkh
fxwr udwh zloo wkhuhiruh eh uhodwlyho| orz dqg pruh olnho| wr eh ehorz wkh djhqw*v
glvfrxqw udwh/ pdnlqj wkh oxpsvxp rswlrq pruh dwwudfwlyh1
 dq lqfuhdvlqj ixqfwlrq ri wkh frqyhuvlrq idfwru  +ru/ lq rwkhu zrugv/ wkh jhqhurvlw|
ri wkh shqvlrq v|vwhp,1 n Dq lqfuhdvh lq wkh frqyhuvlrq idfwru ohdgv wr d ghfuhdvh
lq wkh ohiw0kdqg vlgh ri wkh htxdwlrq1 Lq rughu wr ohw wkh htxdwlrq vwloo krog/ wkh
uljkw0kdqg vlgh pxvw ghfuhdvh dv zhoo/ dqg wkdw zrxog lpso|/ fhwhulv sdulexv/ wkdw
wkh fxw0r udwh pxvw lqfuhdvh1
 dq lqfuhdvlqj ixqfwlrq ri vxuylydo suredelolwlhv/ zklfk lq wxuq duh ixqfwlrqv ri jhqghu/
pdulwdo vwdwxv/ dqg vrflrhfrqrplf yduldeohv +glhuhqwldo pruwdolw|,1
 dq lqfuhdvlqj ixqfwlrq ri wkh h{shfwhg dqqxlw| jurzwk udwh1
Wkh orzhu wkh fxwr udwh/ wkh pruh olnho| wkh djhqw fkrrvhv wkh fdslwdo rswlrq dv
klv2khu shuvrqdo glvfrxqw udwh h{fhhgv wkh fxwr udwh1 Iljxuh 714 ghslfwv fxwr udwhv
e| pdulwdo vwdwxv/ jhqghu/ dqg djh dw uhwluhphqw +rqo| iru phq, dv d ixqfwlrq ri wkh
djh glhuhqfh ehwzhhq wkh vsrxvhv1 nn Wkh dqqxlw| lv reylrxvo| zruwk uhodwlyho| pruh
wkh |rxqjhu wkh vsrxvh1 Wklv hhfw lv pxfk vwurqjhu iru phq wkdq iru zrphq/ dv wkh
suredelolw| ri wkh odwwhu ehlqj vxuylyhg e| khu kxvedqg lv uhodwlyho| vpdoo gxh wr d kljkhu
h{shfwhg olihwlph iru zrphq1 Lqwhuhvwlqjo|/ wkh wkhruhwlfdo fxwr udwhv iru pduulhg phq
+uhwlulqj dw djh 95, dqg pduulhg zrphq zlwk dq dyhudjh djh glhuhqfh ri wkuhh |hduv +dv
lq uhdolw|, lv doprvw htxdo1

Pduulhg lqglylgxdov kdyh d orzhu pruwdolw| udwh wkdq vlqjoh ru zlgrzhg rqhv1p&
Wkh kljkhu wkh frqyhuvlrq idfwru/ wkh kljkhu wkh ydoxh ri wkh dqqxlw| frpsduhg wr wkh dffxpxodwhg
shqvlrq zhdowk1 D sodq zlwk d kljk frqyhuvlrq udwh iru d jlyhq uhwluhphqw djh wkxv rhuv d ehwwhu ghdo/
exw wklv grhv qrw dhfw wkh fdslwdo1pp
Iru wklv jxuh zh xvh wkh prvw uhfhqw Vzlvv pruwdolw| udwhv glhuhqwldwhg e| jhqghu { pdulwdo vwdwxv1
7161 Wkh fkrlfh ehwzhhq dqqxlw| dqg oxps vxp fdslwdo dw uhwluhphqw 9<














male, RA=65, married  
male, RA=65, single   
male, RA=62, married  
male, RA=62, single   
female, RA=62, married
female, RA=62, single 
Iljxuh 714= Fxwr udwhv ehwzhhq oxps vxp dqg dqqxlw| ghshqglqj rq jhqghu/ pdulwdo
vwdwxv +qr v|pero @ vlqjoh,/ uhwluhphqw djh +UD/ rqo| iru phq,/ dqg djh glhuhqfh ehwzhhq
vsrxvhv +qhjdwlyh qxpehuv phdq wkdq wkdw vsrxvh lv |rxqjhu,1 Iru phq/ fxwr udwhv duh
ghslfwhg iru wkh ohjdo uhwluhphqw djh 98 dqg iru uhwluhphqw dw djh 95/ dw zklfk prvw
frpsdqlhv rhu wkh ixoo uhwluhphqw ehqhwv1 Sdudphwhuv iru jxuhv= j ' f/  ' f=S/
 ' f=f.2/ htxdo wd{ wuhdwphqw1
:3 71 Wkh Shuvrqdo Glvfrxqw Udwh= Hylghqfh Iurp Vzlvv Shqvlrq Ixqgv
71615 Frpsxwlqj fxwr udwhv lq wkh gdwd
Iurp wkh gdwd/ zh nqrz djh dw uhwluhphqw/ pdulwdo vwdwxv no / wkh udwh ri jurzwk ri wkh
dqqxlw| j +xvxdoo| f,/ dqg wkh frqyhuvlrq idfwru / exw qrw wkh djh glhuhqfh ehwzhhq
wkh vsrxvhv1 Lq frpsxwlqj wkh lqglylgxdo fxwr udwhv  Z / zh/ wkhuhiruh/ xvh wkh dyhudjh
revhuyhg djh glhuhqfh lq Vzlw}huodqg/ zklfk lv dssur{lpdwho| wkuhh |hduv1
Qrwh wkdw wkh suhvhqfh ri fkloguhq lq hgxfdwlrq +rqo| revhuyhg zlwk pdoh shqvlrqhuv,
lv d vljqdo iru d pxfk |rxqjhu zlih1 Fkloguhq vkrxog pdnh dqqxlw| wkh suhihuuhg rswlrq/
qrw rqo| ehfdxvh wkh| duh hqwlwohg wr dgglwlrqdo ehqhwv/ exw dovr ehfdxvh wkh vxuylyru
ehqhw lv zruwk d orw pruh iru wkhvh frxsohv rq dyhudjh1
71616 Hpslulfdo suhglfwlrqv
Frpelqlqj wkh lqirupdwlrq jdwkhuhg lq wkh suhylrxv vhfwlrqv/ zh vkrxog revhuyh wkh fkrlfh
ehwzhhq wkh wzr rswlrqv wr ghshqg rq=
41 Wkh jhqghu vkrxog rqo| pdwwhu iru vlqjoh djhqwv/ dv wkh suhvhqw ydoxh ri ixwxuh
ehqhwv lv yhu| vlplodu iru pduulhg phq/ pduulhg zrphq/ dqg hyhq vlqjoh zrphq1
Vlqjoh phq/ rq wkh rwkhu kdqg/ vkrxog eh pruh olnho| wr fkrrvh wkh fdslwdo rswlrq
uhodwlyh wr zrphq dqg pduulhg phq1
51 \rxqj fkloguhq xvxdoo| wuljjhu d vl}hdeoh dgglwlrqdo ehqhw/ zklfk pdnhv wkh dqqxlw|
rswlrq pruh dwwudfwlyh1 Wklv hhfw lv uhlqirufhg e| wkh idfw wkdw wkh suhvhqfh ri
plqru fkloguhq xvxdoo| phdqv d pxfk |rxqjhu zlih1
61 Wkh vl}h ri wkh fdslwdo vwrfn dw uhwluhphqw fdswxuhv erwk lqglylgxdo fkdudfwhulvwlfv
+lq sduwlfxodu glhuhqwldo pruwdolw|, dv zhoo dv jhqhudo glhuhqfhv lq lqyhvwphqw
rssruwxqlwlhv dqg lqvxudqfh dvshfwv1 Iroorzlqj wkh dujxphqwv lq Vhfwlrq 715/ zh
h{shfw d Xvkdshg ghshqghqfh ri wkh suredelolw| ri fkrrvlqj wkh fdslwdo rswlrq dv
d ixqfwlrq ri wrwdo fdslwdo dw uhwluhphqw1
71 Wkh jhqhurvlw| ri wkh shqvlrq v|vwhp/ phdvxuhg e| wkh frqyhuvlrq idfwru 1 Wkh
kljkhu  wkh kljkhu wkh suhvhqw ydoxh ri wkh dqqxlw| frpsduhg wr wkh fdslwdo rswlrq1
81 Wkh djh dw uhwluhphqw vkrxog qrw lq xhqfh wkh fkrlfh wr d odujh h{whqw dv lw vkrxog
eh fdswxuhg e| d orzhu frqyhuvlrq idfwru1plq
Zlwk wkh h{fhswlrq ri rqh frpsdq|/ zkhuh zh dvvxph wkdw doo djhqwv duh pduulhg dv wkh pdmrulw| ri
lqglylgxdov dw wkh djh ri uhwluhphqw1
7171 Hpslulfdo Hylghqfh :4
Wkh wd{ wuhdwphqw iru wkh wzr rswlrqv lv yhu| vlplodu= Lq prvw fdqwrqv +wkh Vzlvv
vwdwhv,/ d oxps vxp fdslwdo sd|phqw lv frqyhuwhg lqwr dq dqqxlw| vwuhdp/ xvlqj wkh
frqyhuvlrq idfwru surylghg e| wkh shqvlrq ixqg +htxdwlrq +714,,1 Wkh pdujlqdo wd{ udwh
frpsxwhg iurp wkh fruuhvsrqglqj dqqxlw| vwuhdp lv wkhq dssolhg wr wkh hqwluh fdslwdo
vwrfn lq fdvh ri d oxps vxp sd|phqw1 Li dw doo/ wkh wd{ vwuxfwxuh voljkwo| idyruv wkh fdslwdo
rswlrq dv dgglwlrqdo lqfrph iurp rwkhu vrxufhv/ zklfk lqfuhdvhv wkh hhfwlyh pdujlqdo wd{
udwh xqghu wkh dqqxlw| rswlrq/ lv qrw wdnhq lqwr dffrxqw iru wkh oxps vxp fdslwdo rswlrq1
Iru pduulhg zrphq dw uhwluhphqw/ pruhryhu/ wkh wd{ wuhdwphqw ri wkh fdslwdo rswlrq lv




Lq wkh hpslulfdo dqdo|vlv zh xvh gdwd froohfwhg dw wkh lqglylgxdo ohyho iurp < Vzlvv frp0
sdqlhv/ erwk sxeolf dqg sulydwh/ dfwlyh lq vhyhudo lqgxvwuldo eudqfkhv1 Wkh| duh VVE +udlo0
zd|v,/ Wkxujdxhu +flylo vhuydqwv,/ VLJ +vhyhudo lqgxvwu| upv,/ Ndpeo| +irrg,/ Doxvxlvvh
+phwdo lqgxvwu|,/ Xqlohyhu +fkhplfdo lqgxvwu|,/ SN0Pdqru +forwklqj,/ QFU +frpsxwhuv,
dqg DEE +lqgxvwu|,1
Wkh gdwdvhw frqvlvwv ri 477< revhuydwlrqv1 nr Hdfk frpsdq| surylghv gdwd derxw lqgl0
ylgxdov diwhu uhwluhphqw ru zrunhuv zkr kdyh douhdg| fkrvhq wkh rswlrq ri wkh dqqxlw| ru
oxps0vxp fdslwdo1 Zh duh jlyhq lqirupdwlrq derxw gdwh ri eluwk/ pdulwdo vwdwxv/ qxpehu
ri fkloguhq xqghu 4;258 nt / gdwh ri uhwluhphqw/ ohjdo uhwluhphqw djh/ |hduo| shqvlrq dqg
|hduo| dgglwlrqdo shqvlrq iru fkloguhq/ wrwdo fdslwdo dw uhwluhphqw/ oxps0vxp fdslwdo sdlg
rxw/ frqyhuvlrq idfwru nu +,1
Prvw ri wkh yduldeohv duh vhoi0h{sodqdwru|1 Jhqghu wdnhv wkh irup ri d gxpp|/ zkrvh
ydoxh lv 3 iru ihpdohv dqg 4 iru pdohv1 Pdohv dqg ihpdohv uhsuhvhqw :6 dqg 5: shufhqw ri
wkh vdpsoh/ uhvshfwlyho|1 Vlploduo|/ pdulwdo vwdwxv lv d fdwhjrulfdo yduldeoh/ zkrvh ydoxh lvp&s
Wkh fohdqlqj dqg hglwlqj ri wkh gdwd kdv ehhq d frqvlghudeoh wdvn1 Iluvwo|/ wkh gdwd irupdw surylghg
ydulhg zlgho| dfurvv frpsdqlhv1 Vhfrqgo|/ pxfk ri wkh uhohydqw lqirupdwlrq iru wkh surmhfw kdg wr eh
lpsxwhg iurp rwkhu vrxufhv +uhjohphqwdwlrq, ru iurp d frpelqdwlrq ri dydlodeoh gdwd1 Lq pdq| fdvhv wkh
lqirupdwlrq frxog rqo| eh jdwkhuhg iurp d shuvrqdo lqwhuylhz zlwk wkh uhvsrqgleoh shqvlrq ixqg pdqdjhu1p&v
Fkloguhq xqghu djh 4; duh dozd|v holjleoh iru dgglwlrqdo ehqhwv1 Iru wkrvh ryhu 4;/ exw xqghu 58/ d
shqvlrq lv dydlodeoh iru glvdeohg fkloguhq dqg wkrvh vwloo lq vfkrro1p w
Lq Vzlw}huodqg wkh frqyhuvlrq idfwru lv xvxdoo| 93(1
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4 iru vlqjohv/ 5 iru pduulhg/ 6 iru vhsdudwhg/ 7 iru zlgrzhg dqg 8 iru glyrufhg1 Wkh juhdw
pdmrulw| lv uhsuhvhqwhg e| pduulhg lqglylgxdov +:<(,/ iroorzhg e| glyrufhg +;(,/ vlqjohv
+:(,/ zlgrzhg +8(, dqg vhsdudwhg +4(,1 Wkh vdpsoh frqvlvwv ri lqglylgxdov zkrvh djhv
udqjh iurp 87 wr :3 |hduv/ zkhuhdv wkhlu djh dw uhwluhphqw udqjhv iurp 85 wr 991 Iljxuh
715 ghslfwv wkh glvwulexwlrq ri wkh djh dw uhwluhphqw iru phq dqg zrphq1



























Iljxuh 715= Glvwulexwlrqv ri djh dw uhwluhphqw iru phq +ohiw0kdqg vlgh, dqg iru zrphq
+uljkw0kdqg vlgh,
Wkh glvwulexwlrq ri djh dw uhwluhphqw kdv d wulsohshdn suroh iru phq dqg d grxeoh
shdn suroh iru zrphq/ dw djhv 93 dqg 95/ dqg 98 +iru phq rqo|,1 Wklv lv d uhvxow ri wkh
idfw wkdw wkh odwwhu lv wkh fxuuhqw ohjdo djh ri uhwluhphqw iru phq/ zkloh 95 lv wkh ohjdo djh
ri uhwluhphqw iru zrphq/ exw dovr wkh djh dw zklfk pdq| shqvlrq ixqgv rhu ixoo ehqhwv
hyhq iru phq1 Zh qrwlfh krzhyhu dqrwkhu lpsruwdqw shdn dw djh 931 Wklv lv riwhq wkh
orzhvw djh iru zklfk hduo| uhwluhphqw sdfndjhv duh rhuhg dw uhodwlyho| jrrg frqglwlrqv1
Wkh fdslwdo vwrfn xsrq uhwluhphqw +ru wkh dqqxlwl}hg uhqw, lv d vx!flhqw vwdwlvwlfv iru
wkh lqfrph gxulqj olihwlph/ vr wkdw doo wkh lqirupdwlrq ehiruh uhwluhphqw lv uhgxqgdqw1 Wkh
frqyhuvlrq idfwru +, lv wkh idfwru dw zklfk lv fdslwdo lv wudqvodwhg lqwr dq dqqxlw|1 Wkh
fxw0r glvfrxqw udwh + Z , lv wkh udwh wkdw vkrxog pdnh wkh djhqw lqglhuhqw ehwzhhq wkh
oxps vxp dqg wkh dqqxlw| rswlrq li htxdwlrq +716, zrxog krog iru hdfk revhuydwlrq1 Wkh
yduldeoh pdujlq lv  iru lqglylgxdov zkr fkrrvh d frpelqdwlrq ehwzhhq dq dqqxlw| dqg
d oxps vxp sd|phqw zklfk lv qrw wkh vwdqgdug rswlrq rhuhg e| wkh uhvshfwlyh shqvlrq
ixqg1 nx Rq wkh edvlv ri wklv slhfh ri lqirupdwlrq zh fdq lqihu zkdw lqglylgxdov dfwxdoo|ply
Iru wkhvh lqglylgxdov/ wkh suhvhqw ydoxh ri wkhlu dqqxlw| vwuhdp vkrxog h{dfwo| eh htxdo wr wrwdo
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fkrrvh dprqj d ixoo dqqxlw|/ d sduwldo ru d ixoo oxps0vxp sd|phqw1 Zh wkhq exlog wkh
yduldeoh fkrlfh lq wkh irup ri d fdwhjrulfdo yduldeoh/ zkrvh ydoxh lv 3 iru ixoo dqqxlw|/ 4
iru sduwldo oxps vxp dqg 5 iru ixoo oxps vxp1
Rqo| vrph yduldeohv duh dydlodeoh iru wkh frpsohwh vdpsoh/ qdpho| djh dw uhwluhphqw/
jhqghu/ wrwdo fdslwdo dffxpxodwhg dw uhwluhphqw/ iudfwlrq ri wrwdo fdslwdo sdlg rxw dv d
oxps vxp/ frqyhuvlrq idfwru/ pdujlq dqg fkrlfh1 Dv iru wkh rwkhu yduldeohv/ wkh qxpehu
ri revhuydwlrqv lv vrphzkdw vpdoohu1 Wdeoh 714 surylghv vxppdu| vwdwlvwlfv iru vrph ri
wkh yduldeohv zh xvh iru hpslulfdo dqdo|vlv1
71715 Lqglylgxdo suhihuhqfhv ryhu rswlrqv
Dv phqwlrqhg deryh/ lqglylgxdov lq wkh vdpsoh fdq fkrrvh dprqj wkuhh glhuhqw rswlrqv=
d ixoo dqqxlw|/ d sduwldo ru d ixoo oxps vxp sd|phqw1 Wdeoh 715 uhsruwv d qxpehu ri uhodwlyh
iuhtxhqflhv ri wkh fkrlfh yduldeoh e| vhyhudo ghprjudsklf dqg vrflr0hfrqrplf fkdudfwhulv0
wlfv dqg s0ydoxhv uhihuulqj wr "  0whvwv ri wkh qxoo wkdw wkh glvwulexwlrq ri suhihuhqfh ryhu
wkh wkuhh srvvleoh rswlrqv lv wkh vdph dfurvv glhuhqw ydoxhv ri d fkdudfwhulvwlf1 Zh re0
vhuyh wkdw dorqj doo fkdudfwhulvwlfv wkh dqqxlw| lv e| idu wkh prvw suhihuuhg rswlrq1 Wklv
uh hfwv suhihuhqfhv ryhu wkh zkroh vdpsoh/ zkhuh pruh wkdq 93 shufhqw ri revhuydwlrqv
fkrrvh wkh dqqxlw|1 Ihpdohv fkrrvh wkh +ixoo, oxps vxp sd|phqw pruh wkdq pdohv +641;:
shufhqw yhuvxv 4<1;8 shufhqw,> wkh dqqxlw| sd|phqw lv wkh prvw suhihuuhg rswlrq dprqj
vlqjoh lqglylgxdov +:719: shufhqw, dqg pdulwdo vwdwxv grhv qrw vhhp wr kdyh d vljqlfdwlyh
lpsdfw rq wkh fkrlfh1 Wkhvh qglqjv duh qrw frqvlvwhqw zlwk wkh suhglfwlrqv ri wkh wkhr0
uhwlfdo prgho ghvfulehg lq Vhfwlrq 7161 Lqwhuhvwlqjo|/ glhuhqfhv lq suhihuhqfhv duh vwurqjo|
vljqlfdqw dorqj wkh frpsdq| glphqvlrq/ vxjjhvwlqj d uhohydqw uroh ri frpsdq| {hg
hhfwv lq wkh shuvrqdo fkrlfh1
Zh wkhq h{soruh suhihuhqfhv e| frpsdq| pruh ghhso|1 Vhyhq rxw ri qlqh frpsdqlhv
surylgh dq dqqxlw| dv vwdqgdug rswlrq/ dqg doorz iru d sduwldo ru ixoo oxps vxp sd|phqw
dv dq dowhuqdwlyh1 Wkh uhpdlqlqj wzr frpsdqlhv surylgh d sduwldo oxps vxp sd|phqw
+xvxdoo| d pxowlsoh ri wkh odvw zrunlqj |hdu*v vdodu|, dv wkh vwdqgdug rswlrq1 Wdeoh 716
vkrzv wkdw ryhudoo wkh vwdqgdug rswlrq lv suhihuuhg e| pruh wkdq 526 ri wkh vdpsoh1 Iru
vl{ frpsdqlhv wklv shufhqwdjh lv hyhq eljjhu/ uhdfklqj d pd{lpxp ri <:1;(> iru wzr
frpsdqlhv +VLJ dqg DEE, suhihuhqfhv ryhu rswlrqv duh edvlfdoo| hyhqo| glvwulexwhg/ zlwk
d voljkw suhgrplqdqfh ri wkh vwdqgdug rqh> lq rqo| rqh fdvh +Ndpeo|, wkh dowhuqdwlyh
fdslwdo dw uhwluhphqw1 Wkh fruuhvsrqglqj fxwr udwhv wkhuhiruh surylgh d uvw hvwlpdwh ri wkh suhydlolqj
glvfrxqw udwh +phdq fxwr udwh iru wkhvh djhqwv lv 7133(,1
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Wdeoh 714= Vxppdu| vwdwlvwlfv iru vrph uhohydqw yduldeohv
Yduldeoh Phdq Vwg1 Plq Pd{ & rev1
Djh 96165 5168 87 :5 4544
Djh dw uhwluhphqw 9515: 41<6 8514: 99 477<
Pdulwdo vwdwxv= 4456
vlqjoh +phq= 719(/ zrphq= 4519(, 91:( :8




Jhqghu +4 @ pdoh, 1:67 1775 3 4 477<
Fkloguhq + 4;258 |1, 1376 159; 3 6 4365
\hduo| shqvlrq +lqfo1 fklog ehqhwv, 55366 4<953 3 4<4<58 477<
Wrwdo fdslwdo dw uhwluhphqw -- 734583 5;6:39 4893 6658693 477<
Oxps0vxp fdslwdo sdlg rxw :;4:4 48<;;< 3 43;<;<; 477<
Iudfwlrq ri wrwdo fds1 sdlg rxw 1575 16;8 3 4 477<
Frqyhuvlrq idfwru +jdppd, 139;5 1336< 13843 13:: 477<
Fxw0r glvfrxqw udwh 136<4 1343 0133:5 13866 477<
Qrqvwdqgdug rswlrq +@ 4, 1649; 17987 3 4 477<
Pdujlq 1466; 16739 3 4 477<
Fkrlfh 18<8 1;6; 3 5 477<
+-- dyhudjh fdslwdo= pduulhg phq @ 834*648> vlqjoh phq @ 6<5*756> pduulhg zrphq @
<9*;3;> vlqjoh zrphq @ 5;<*:53 ,
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Wdeoh 715= Lqglylgxdo suhihuhqfhv ryhu rswlrqv e| jhqghu/ pdulwdo vwdwxv dqg frpsdq|
+shufhqwdjhv,
Fkdudfwhulvwlf Dqqxlw| Sduwldo oxps0vxp Ixoo oxps0vxp Wrwdo q1 rev1
Ihpdoh 93169 :1:: 641;: 6;9
Pdoh 971:5 48176 4<1;8 4396
s0ydoxh 1334
Vlqjoh :719: 919: 4;19: :8
Pduulhg 98139 45146 551;5 ;<3
Vhs1 dqg gly1 951;9 4715< 551;9 438
Zlgrzhg 9;185 :174 5713: 87
s0ydoxh 189
SN0Pdqru 9<197 4613< 4:15: 68<
VEE <:1;7 4195 3187 4;8
Wkxujdxhu 0 451;5 ;:14; 6<
VLJ 89164 4<13; 57195 658
Ndpeo| 661<9 0 99137 86
Doxvxlvvh <3 43 0 :3
Xqlohyhu <163 0 <31:3 76
QFU <6166 919: 0 48
DEE 8:1:; 4<14: 56139 693
s0ydoxh 1333
Wrwdo vdpsoh 96189 4616< 56138 477<
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rswlrq ryhufrphv wkh vwdqgdug rqh1 Wkhvh jxuhv vxjjhvw wkdw wkhuh pd| eh d vruw ri
dftxlhvfhqfh eldv gulylqj shrsoh*v fkrlfhv nz 1
Wdeoh 716= Glvwulexwlrq ri suhihuhqfhv ryhu rswlrqv e| frpsdq| +shufhqwdjhv,
Frpsdq| Vwdqgdug Rswlrq Dowhuqdwlyh Rswlrq
SN0Pdqru 9<19 +dqqxlw|, 6316
VEE <:1; +dqqxlw|, 515
Wkxujdxhu ;:15 +sduwldo o1v1, 451;
VLJ 8916 +dqqxlw|, 761:
Ndpeo| 6713 +dqqxlw|, 9914
Doxvxlvvh <313 +dqqxlw|, 4314
Xqlohyhu <31: +sduwldo o1v1, <16
QFU <616 +dqqxlw|, 91:




Zh vwduw uhsruwlqj +Wdeoh 717, vrph vxppdu| vwdwlvwlfv ri wkh fxw0r glvfrxqw udwh iru
hdfk ri wkh fkrlfhv dfwxdoo| pdgh e| wkh lqglylgxdov lq wkh vdpsoh1 Phdq ydoxhv +exw dovr
pd{lpxp dqg plqlpxp ydoxhv, duh yluwxdoo| wkh vdph dfurvv fkrlfhv/ vxjjhvwlqj d srru
h{sodqdwru| srzhu ri wkh fxw0r glvfrxqw udwh1 Pruhryhu/ wkh| jr lq wkh zurqj gluhfwlrq/
dv shrsoh fkrrvlqj wkh dqqxlw| vkrxog glvsod| d kljkhu ydoxh iru wkh phdq fxw0r glvfrxqw
udwh dqg/ vlploduo|/ d orzhu fxw0r glvfrxqw udwh vkrxog fruuhvsrqg wr wkh fkrlfh ri d +ixoo,
oxps vxp sd|phqw1
Wkh ghwhuplqdqwv ri fkrrvlqj d +sduwldo, oxps vxp sd|phqw duh dqdo|}hg iru wzr
edvh vshflfdwlrqv1 Frpsdq| {hg hhfwv duh lqfoxghg wr dffrxqw iru glhuhqfhv lq wkh
fkdudfwhulvwlfv ri wkh shqvlrq vfkhph +uhjuhvvlrqv LL dqg LY,1 Rughuhg surelw hvwlpdwhv
duh uhsruwhg lq Wdeoh 718pl
Wkh h{suhvvlrq dftxlhvfhqfh eldv +Kxug/ 4<<<, ru vwdwxv0txr eldv ru iulhqgolqhvv hhfw uhihuv
wr d v|vwhpdwlf eldv fdxvhg e| vrph uhvsrqghqwv whqglqj wr djuhh zlwk zkdwhyhu lv suhvhqwhg wr wkhp1
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Wdeoh 717= Vxppdu| vwdwlvwlfv iru fxw0r glvfrxqw udwhv
Fkrlfh ri lqglylgxdov Phdq Pd{ Plq Q1Rev1
Dqqxlw| 136; 1386 0133: <54
Sduwldo oxps vxp 1373 1386 01338 59;
Ixoo oxps vxp 1374 1386 01337 593
Lq uhjuhvvlrq L zh uxq d vlpsoh rughuhg surelw zlwk wkh fkrlfh pdgh e| lqglylgxdov
dv ghshqghqw yduldeoh dqg frqwuro iru edvlf edfnjurxqg lqglylgxdo fkdudfwhulvwlfv vxfk
dv jhqghu/ kdylqj fkloguhq ohvv wkdq 4; ru 58 |hduv rog/ djh dw uhwluhphqw dqg vwrfn ri
fdslwdo dffxpxodwhg dw uhwluhphqw nl{ 1 Zh qg wkdw djh dw uhwluhphqw lv srvlwlyho|/ wkrxjk
qrw vljqlfdqwo|/ uhodwhg wr wkh suhihuhqfh iru d oxpsvxp sd|phqw= wkh kljkhu wkh djh
dw uhwluhphqw wkh kljkhu wkh suredelolw| ri fkrrvlqj d oxps vxp sd|phqw1 Frqwudu| wr
rxu prgho*v suhglfwlrqv/ pdohv duh pruh olnho| wr fkrrvh d +sduwldo, oxps vxp sd|phqw1
Dv h{shfwhg +vhh Vhfwlrq 716,/ wkh vwrfn ri fdslwdo dffxpxodwhg dw uhwluhphqw sod|v dq
lpsruwdqw uroh1 Lq wkh uhjuhvvlrq zh xvh wkh yduldeoh lq orjv dqg zh dgg d txdgudwlf whup lq
rughu wr fdswxuh d srwhqwldo qrqprqrwrqlf uhodwlrq1 Wkh fdslwdo ixqfwlrq fruuhvsrqglqj
wr uhjuhvvlrq L lv ghslfwhg lq Iljxuh 7161 Zh fdq vhh wkdw wkh dprxqw ri wrwdo fdslwdo
dw uhwluhphqw lv qhjdwlyho| uhodwhg zlwk wkh suredelolw| ri fkrrvlqj d oxps vxp sd|phqw
xqwlo wkh ydoxh ri 5<4/333 Vzlvv Iudqfv +durxqg 4;7/333 XVG,> diwhu wkdw ydoxh wkh uhodwlrq
ehfrphv srvlwlyh1 Wkhvh qglqjv duh urexvw wr wkh dgglwlrq ri frpsdq| {hg hhfwv
+uhjuhvvlrq LL, n 1
Qh{w zh lqfoxgh +uhjuhvvlrq LLL, wzr h{wud yduldeohv/ qdpho| wkh fxw0r glvfrxqw udwhp&
Lq d suhylrxv yhuvlrq zh dovr lqfoxghg pdulwdo vwdwxv/ exw lq grlqj vr rqh frpsdq| +VLJ, gursshg
ehfdxvh wkdw slhfh ri lqirupdwlrq zdv plvvlqj1 Diwhu revhuylqj wkh frpsohwh luuhohydqfh ri pdulwdo vwdwxv
lq h{sodlqlqj wkh fkrlfh ehwzhhq dq dqqxlw| dqg d oxps vxp sd|phqw/ zh wkhq ghflghg wr h{foxghg wklv
yduldeoh= dv d frqvhtxhqfh zh jdlqhg 658 revhuydwlrqv1pl
Wkh rqo| glhuhqfh lv wkdw iru wkh vshflfdwlrq zlwk frpsdq| {hg hhfwv wkh djh dw uhwluhphqw
ehfrphv vljqlfdqw1
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Wdeoh 718= Ghwhuplqdqwv ri fkrrvlqj d oxps0vxp sd|phqw +rughuhg surelw hvwlpdwhv,
Uhjuhvvlrq L LL LLL LY
Frh1 w Frh1 w Frh1 w Frh1 w
H{so1 yduldeohv +Vwg, +Vwg, +Vwg, +Vwg,
Jhqghu +pdoh@4, 155: 5135 1599 513; 1596 5163 15<5 5158
1446 145; 1447 1463
Wrwdo fdslwdo +orj, 051<9 817< 061;: 9189 06133 8189 0619: 915:
186< 18;< 1873 18;9
Wrwdo fdslwdo  +orj, 1447 8135 1483 9133 1448 813; 1474 819;
1355 1357 1356 1358
Djh dw uhwluhphqw 133: 173 01378 5136 0139: 5176 13;7 5146
134; 1355 135; 136<
Fxw0r glvfrxqw udwh 43187 51;: 814< 4156
619: 7155
Frqyhuvlrq idfwru +, 78189 6169 0<914: 7133
4618: 5713:
Qxpehu ri revhuydwlrqv 477< 477< 477< 477<
Svhxgr U  1367 1533 1377 1533
Frpsdq| {hg hhfwv QR \HV QR \HV
Orj0Olnholkrrg 045861: 0436;14 0456<1: 0435<1;














Iljxuh 716= Fdslwdo ixqfwlrq














Respondents’ age at retirement






Iljxuh 717= Djh ixqfwlrq
dqg wkh frqyhuvlrq idfwru + lq htxdwlrq +714,,/ wkdw ghsduw iurp shuvrqdo fkdudfwhulvwlfv1
Zh h{shfw wkdw wkh suredelolw| ri fkrrvlqj d oxps vxp sd|phqw lv d ghfuhdvlqj ixqfwlrq
ri erwk wkhvh yduldeohv1 Vwulnlqjo|/ rxu hvwlpdwhv jr h{dfwo| lq wkh rssrvlwh gluhfwlrq1
Krzhyhu/ zkhq lqfoxglqj frpsdq| {hg hhfwv +uhjuhvvlrq LY,/ wkh frh!flhqw ri wkh
frqyhuvlrq idfwru wdnhv wkh uljkw vljq dqg uhpdlqv vljqlfdqw1 Dv iru wkh fxw0r glvfrxqw
udwh/ lw orrvhv vljqlfdqfh1
Zkhq dgglqj d txdgudwlf whup iru djh dw uhwluhphqw o wklv yduldeoh ehfrphv vwurqjo|
vljqlfdqw= wkh suredelolw| ri fkrrvlqj d oxps vxp sd|phqw lqfuhdvhv zlwk uhwluhphqw djh
+vhh wkh fruuhvsrqglqj djh ixqfwlrq lq Iljxuh 717,1 Wklv lv lq olqh zlwk zkdw zh dujxhg
lq Vhfwlrq 7161
D suholplqdu| frqfoxvlrq iurp wkhvh uhjuhvvlrqv lv wkhq wkh iroorzlqj= wkh uroh ri shu0
vrqdo fkdudfwhulvwlfv rq wkh fkrlfh ehwzhhq dq dqqxlw| dqg d +sduwldo, oxps vxp sd|phqw
vhhpv wr eh vrphzkdw ryhuvkdgrzhg e| rwkhu frpsrqhqwv/ qdpho| frpsdq| {hg hhfwv
q
Zh grq*w lqfoxgh lw lq Wdeoh 718 iru vsdfh uhdvrqv1
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dqg wkh frqyhuvlrq idfwru1 Pruhryhu/ wkh fxw0r glvfrxqw udwh vhhpv wr zrun lq wkh zurqj
gluhfwlrq/ vxjjhvwlqj wkdw shrsoh pdnh wkhlu fkrlfh glvuhjduglqj rxu htxdwlrq +716,1
Lq wkhlu sdshu/ Zduqhu dqg Sohhwhu +5334, jhw srlqw hvwlpdwhv ri shuvrqdo glvfrxqw
udwhv e| hvwlpdwlqj d vlpsoh surelw prgho ri oxps0vxp sd|phqw fkrlfh zlwk wkh fxw0
r glvfrxqw udwh  Z dv wkh rqo| uhjuhvvru1 Wkh| dvvxph wkdw wkh +xqrevhuyhg, shuvrqdo
glvfrxqw udwh  lv d olqhdu ixqfwlrq ri revhuyhg lqglylgxdo fkdudfwhulvwlfv/ ghqrwhg e| [/
dqg d udqgrp huuru whup/ / qrupdoo| glvwulexwhg zlwk phdq f dqg yduldqfh   1 Ohw  eh
d sdudphwhu yhfwru/ wkhq
 ' [ n % +717,
Dw  Z wkh suhvhqw ydoxh ri wkh dqqxlw| htxdov wkh oxps vxp sd|phqw1 Shrsoh fkrrvh wkh
oxps vxp sd|phqw zkhqhyhu wkh suhvhqw ydoxh dw wkhlu rzq glvfrxqw udwh lv orzhu wkdw wkh
rqh dw wkh fxw0r glvfrxqw udwh/ wkdw lv zkhqhyhu  A  Z 1 Frpelqlqj wklv zlwk htxdwlrq
+717, jlyhv
[ n % A  Z = +718,
Wkh suredelolw| ri fkrrvlqj d oxps vxp sd|phqw lv wkhq
hEOV ' hE[ n % A  Z  +719,
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  /    /     dqg x lv wkh vwdqgdug qrupdo glvwulexwlrq ixqfwlrq1
Htxdwlrq +719, lv dq ruglqdu| surelw prgho ehfdxvh  lv vwdqgdug qrupdo1 Wkhlu hvwlpdwhv
ri glvfrxqw udwhv duh yhu| kljk +xs wr 63(,1
Dv Wdeoh 718 vxjjhvwv/ rxu gdwd gr qrw vxssruw vxfk d prgho= wkh hvwlpdwhg frh!flhqw
iru wkh fxw0r glvfrxqw udwh kdv d srvlwlyh vljq iru erwk vshflfdwlrqv +zlwk dqg zlwkrxw
frpsdq| {hg hhfwv, on 1 Hyhq li zh dsso| wkh prgho wr hdfk vlqjxodu frpsdq| rxu qglqjqp
Dq lpsruwdqw dvshfw zh kdyh wr frqvlghu zkhq xvlqj pd{lpxp olnholkrrg hvwlpdwruv lv jlyhq e|
wkh surshuwlhv ri wkh glvwulexwlrq wkdw zh lpsrvh rq rxu gdwd1 Lq elqdu| fkrlfh prghov plvvshflfdwlrq
ri wkh suredelolw| wkdw |  @ 4 dv d ixqfwlrq ri {  pd| eh uhvsrqvleoh ri lqfrqvlvwhqw hvwlpdwruv1 Xvx0
doo|/ vxfk plvvshflfdwlrqv duh prwlydwhg iurp wkh odwhqw yduldeoh prgho dqg uh hfw qrq0qrupdolw| ru
khwhurvnhgdvwlflw| ri wkh huuru whup   1 Zh wkhq shuirup d Odjudqjh pxowlsolhu whvw rq qrupdolw| dqg
rq khwhurvnhgdvwlflw|1 Wkhvh whvwv duh edvhg rq wkh uvw rughu frqglwlrqv iurp d pruh jhqhudo prgho
wkdw vshflhv wkh dowhuqdwlyh k|srwkhvlv dqg fkhfn zkhwkhu wkhvh duh ylrodwhg li zh hydoxdwh wkhp dw
wkh sdudphwhu hvwlpdwhv ri wkh fxuuhqw/ uhvwulfwhg/ prgho1 D ghwdlohg ghvfulswlrq ri krz wkhvh whvw zrun
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gr qrw lpsuryh1 Lq prvw frpsdqlhv/ wkh lpsdfw ri wkh fxwr udwh lv lqvljqlfdqw oo 1 Wklv
lv/ wr vrph ghjuhh/ dq duwlidfw ri wkh odujh khwhurjhqhlw| ri shqvlrq sodqv1 Rqo| iru wzr
frpsdqlhv rxw ri qlqh wkh fxwr udwh glvsod|v d qhjdwlyh vljq= iru wkhp zh qg lpsolflw
glvfrxqw idfwruv ri 7( +VLJ, dqg 9( +Xqlohyhu,/ uhvshfwlyho|/ wkrxjk lq wkh odwwhu fdvh
wkh hvwlpdwh lv qrw hyhq vljqlfdqw1 Iru doo wkh uhpdlqlqj frpsdqlhv wkh fxw0r udwh nhhsv
glvsod|lqj d srvlwlyh +dqg riwhq lqvljqlfdqw, vljq1
Zkdw Wdeoh 718 vhhpv wr vxjjhvw lv wkdw wkh frqyhuvlrq idfwru sod|v d pruh uhohydqw
uroh lq wkh fkrlfh ehwzhhq dq dqqxlw| ru d +sduwldo, oxps vxp sd|phqw1 Dv douhdg|
phqwlrqhg/ lq wkh vshflfdwlrq zlwkrxw frpsdq| {hg hhfwv +uhjuhvvlrq LLL, wkh hvwlpdwh
ri wkh frqyhuvlrq idfwru glvsod|v d srvlwlyh dqg vljqlfdqw vljq +dv wkh rqh ri wkh fxw0r
glvfrxqw udwh,/ exw zh revhuyh wkdw zkhq frqwuroolqj iru frpsdq| {hg hhfwv +uhjuhvvlrq
LY, wkh hvwlpdwhg frh!flhqw ri  fkdqjhv lwv vljq iurp srvlwlyh lqwr qhjdwlyh/ zlwkrxw
orrvlqj lwv vljqlfdqfh1 Lq rwkhu zrugv/ rxu gdwd doorz Htxdwlrq +719, wr eh dssolhg rqo|
wr wkh frqyhuvlrq idfwruv/vr wkdw lqglylgxdo suhihuhqfhv ryhu wkh jlyhq rswlrqv vhhp wr eh
gulyhq e| wkh frqyhuvlrq idfwruv udwkhu wkdq e| wkh fxw0r glvfrxqw udwhv1
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Prvw sulydwh shqvlrq frpsdqlhv lq Vzlw}huodqg rhu d fkrlfh ri rswlrqv xsrq uhwluhphqw=
+Ixwxuh, shqvlrqhuv fdq dgydqfh ru srvwsrqh uhwluhphqw sd|phqwv dw d uhgxfhg ru lq0
fuhdvhg prqwko| ehqhw/ uhvshfwlyho|1 Lq ghqhg ehqhw sodqv/ pruhryhu/ wkhuh lv riwhq
d fkrlfh ehwzhhq d oxps0vxp fdslwdo sd|phqw xsrq uhwluhphqw ru d olih0orqj dqqxlw|
wkhuhdiwhu1 Wkh h{shfwhg uhwxuq iru hdfk ri wkhvh rswlrqv ghshqgv fuxfldoo| rq dq djhqw*v
h{shfwhg olih0wlph/ klv2khu pdulwdo vwdwxv/ dv zhoo dv wkh suhvhqfh ri fkloguhq xqghu 4;
|hduv rog +iru zklfk d vxevwdqwldo ehqhw lv gxh,1
Lq wkh uvw sduw ri wkh fkdswhu/ zh kdyh frqvwuxfwhg d vlpsoh olih0f|foh prgho wr holflw
wkhruhwlfdoo| wkh glhuhqfhv ehwzhhq wkh uhwluhphqw rswlrqv1 Rxu prgho |lhogv d qxpehu
ri whvwdeoh frqfoxvlrqv1 Iluvw/ ehfdxvh +vlqjoh dqg pduulhg, zrphq olyh orqjhu wkdq vlqjoh
phq rq dyhudjh/ wkh iruphu vkrxog fkrrvh dq dqqxlw|/ dqg wkh odwwhu d oxps0vxp fdslwdo
sd|phqw1 Vhfrqg/ dv h{shfwhg olihwlph lv fruuhodwhg zlwk zhdowk/ ulfkhu shqvlrqhuv vkrxog
rsw iru dq dqqxlw|/ dqg srruhu iru d rqh0wlph fdslwdo sd|phqw1 Wklug/ pduulhg phq vkrxog
lv surylghg e| Yhuehhn +5333,1 Zh qg wkdw wkh qrupdolw| dvvxpswlrq lv qrw uhmhfwhg/ zkhuhdv wkh
khwhurvnhgdvwlflw| dvvxpswlrq lv1qq
Lw lv fuxfldo wr gr wkh dqdo|vlv vhsdudwho| iru wkh glhuhqw frpsdqlhv/ dv wkh glhuhqfhv lq shqvlrq
vfkhphv rhuhg odujho| grplqdwh dq| rwkhu hhfw1
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suhihu dq dqqxlw|/ hvshfldoo| li wkh| kdyh |rxqj fkloguhq/ ru li wkh| duh pduulhg wr d zrpdq
ri wkh vdph ru d |rxqjhu djh1
Lq wkh vhfrqg sduw ri wkh fkdswhu/ zh kdyh dqdo|}hg wkh fkrlfh ehwzhhq dq dqqxlw|
dqg d oxpsvxp fdslwdo sd|phqw xsrq uhwluhphqw e| xvlqj gdwd surylghg lq 5333 e|
qlqh shqvlrq ixqgv lq Vzlw}huodqg1 Lq frqwudvw wr prvw rwkhu hog vwxglhv/ lqglylgxdo*v
ghflvlrqv lqyroyh yhu| odujh dprxqwv ri prqh|1 Wkh gdwd fohduo| h{klelwv dq hylghqw df0
txlhvfhqfh eldv= wkh odujh pdmrulw| ri uhvsrqghqwv fkrrvh wkh vwdqgdug rswlrq rhuhg
e| wkh frpsdq|1 Wkh suredelolw| ri fkrrvlqj wkh fdslwdo rswlrq vkrzv d Xvkdshg gh0
shqghqfh rq wrwdo fdslwdo dw uhwluhphqw1 Wklv fdq eh zhoo h{sodlqhg e| d frpelqdwlrq ri
pdjqlwxgh hhfwv/ lqvxudqfh dvshfwv/ lqyhvwphqw rssruwxqlwlhv/ dqg wkh ghvluh wr ohdyh
ehtxhvwv1 Pruhryhu/ wkh uroh ri shuvrqdo fkdudfwhulvwlfv +vxfk dv jhqghu/ pdulwdo vwdwxv/
djh dw uhwluhphqw/ qxpehu ri fkloguhq, rq wkh fkrlfh ehwzhhq dq dqqxlw| dqg d +sduwldo,
oxps vxp sd|phqw vhhpv wr eh vrphzkdw ryhuvkdgrzhg e| rwkhu frpsrqhqwv/ qdpho|
frpsdq| {hg hhfwv dqg wkh frqyhuvlrq idfwru1 Lqghhg/ wkh gdwd grhv qrw vxssruwZduqhu
dqg Sohhwhu*v prgho +5334,/ dv rxu pdlq qglqj lv wkdw wkh frqyhuvlrq idfwru vhhpv wr
sod| d pruh uhohydqw uroh wkdq wkh glvfrxqw idfwru lq h{sodlqlqj wkh lqglylgxdo*v fkrlfh1
Wklv dqdo|vlv vhhpv wr vxjjhvw wkdw zkhq wdnlqj qdqfldo ghflvlrqv shrsoh fkrrvh rq wkh
edvlv ri hdv| yduldeohv udwkhu wkdq ri pruh frpsolfdwhg dqg vrsklvwlfdwhg rqhv1
Zh eholhyh wkdw d ghhshu xqghuvwdqglqj ri fkrlfh xsrq uhwluhphqw dqg wkh uhodwhg
glvwulexwlrqdo frqvhtxhqfhv lv ri juhdw lqwhuhvw wr dfdghplf hfrqrplvwv dqg wr srolf|
pdnhuv1 Zkloh wkh dvvhw vlgh ri ixoo| ixqghg shqvlrq sodqv lv zhoo h{soruhg dqg xqghuvwrrg/
wkh oldelolw| vlgh vwloo odfnv d fduhixo dqdo|vlv1 Dgydqflqj rxu nqrzohgjh ri erwk vlghv
zloo srwhqwldoo| ohdg wr pruh htxlwdeoh dqg h!flhqw srolflhv1 Lq rughu wr gudz pruh vrolg
frqfoxvlrqv rxu gdwd edvh vkrxog eh hqodujhg= pdq| hhfwv duh pdvnhg e| vwurqj frpsdq|
dqg |hdu0ri0uhwluhphqw hhfwv1 Lw zloo eh devroxwho| qhfhvvdu| wr h{sdqg wkh gdwdedvh
dorqj wzr glphqvlrqv1 Iluvw/ pruh frpsdqlhv lq ydulrxv vhfwruv vkrxog eh lqfoxghg= wklv
zrxog hqdeoh wr ehwwhu frqwuro iru ydulrxv vshflf hhfwv1 Vhfrqg/ vhyhudo |hduv vkrxog eh
lqfoxghg dv zhoo= riwhq wkh jhqhurvlw| ri rhuhg hduo| uhwluhphqw rswlrqv ghshqghg rq wkh
shuirupdqfh ri wkh shqvlrq ixqg +zklfk lq wkhru| vkrxog qrw,1
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Wkh frqfhsw ri kdelw irupdwlrq uholhv rq wkh lghd wkdw rqh*v rzq sdvw frqvxpswlrq pljkw
kdyh dq hhfw rq wkh xwlolw| |lhoghg e| fxuuhqw frqvxpswlrq= iru d jlyhq ohyho ri fxuuhqw
frqvxpswlrq/ d odujhu kdelw vwrfn orzhuv xwlolw|1 Kdelwv zhuh uvw lqwurgxfhg lq wkh frqwh{w
ri ghpdqg v|vwhpv +Sroodn dqg Zdohv/ 4<9<> Skolsv/ 4<:5> Sroodn/ 4<:8,1 Lq wkh olwhudwxuh
d glvwlqfwlrq ehwzhhq wzr w|shv ri kdelwv kdv ehhq pdgh= p|rslf +ru qdlyh, dqg udwlrqdo1
Lq wkh uvw fdvh +Sroodn/ 4<:9,/ frqvxphuv duh qrw dzduh ri wkh hhfwv wkdw wkhlu fxuuhqw
frqvxpswlrq ghflvlrqv zloo kdyh rq wkhlu ixwxuh pdujlqdo udwhv ri vxevwlwxwlrq ehwzhhq
jrrgv dqg dv d frqvhtxhqfh wkhlu ehkdylru pd| eh wlph0lqfrqvlvwhqw1 Lq wkh vhfrqg fdvh
+Ooxfk/ 4<:7> Skolsv/ 4<:7> Vslqqhz|q/ 4<;4> Pxhooedxhu/ 4<;9,/ frqvxphuv duh dzduh ri
wkh kdelw iruplqj hhfw ri fxuuhqw frqvxpswlrq1
Wkh suhvhqfh ri kdelw irupdwlrq pd| surylgh dq dsshdolqj +sduwldo, h{sodqdwlrq wr
d qxpehu ri dqrpdorxv hpslulfdo qglqjv frqwudvwlqj vrph ri wkh shupdqhqw lqfrph
prgho*v suhglfwlrqv/ vxfk dv wkh h{fhvv vhqvlwlylw| ri djjuhjdwh frqvxpswlrq jurzwk
uhodwlyh wr fxuuhqw oderu lqfrph jurzwk n / lwv h{fhvv vprrwkqhvv uhodwlyh wr odjjhg oderu
lqfrph jurzwk o / wkh htxlw| suhplxp r sx}}oh dqg wkh ulvn0iuhh udwh t sx}}oh +Deho/ 4<<3>
Frqvwdqwlqlghv/ 4<<3> Fdpsehoo dqg Frfkudqh/ 4<<<> Vhfnlq/ 5333,1 Pruhryhu/ Fduuroo
hw do1 +5333, vkrz wkdw li rqh doorzv iru kdelw irupdwlrq/ wkhq vwdqgdug jurzwk prghov
fdq eh uhfrqflohg zlwk wkh hpslulfdo hylghqfh vxjjhvwlqj wkdw kljk jurzwk ohdgv wr kljk
vdylqj/ udwkhu wkdq wkh rwkhu zd| durxqg1 Ixkuhu +5333, vwuhvvhv wkh uhohydqfh ri kdelwv
lq d prqhwdu|0srolf| dqdo|vlv/ dv wkh kdelw irupdwlrq vshflfdwlrq vljqlfdqwo| lpsuryhv
wkh uhvsrqvhv ri erwk vshqglqj dqg lq dwlrq wr prqhwdu|0srolf| dfwlrqv1p
Wkh shupdqhqw lqfrph prgho suhglfwv wkdw frqvxpswlrq fkdqjhv vkrxog eh ruwkrjrqdo wr suhglfwdeoh/
ru odjjhg/ lqfrph fkdqjhv1 \hw/ wkh fruuhodwlrq ehwzhhq frqvxpswlrq jurzwk dqg odjjhg lqfrph jurzwk
vhhpv wr eh rqh ri wkh prvw urexvw ihdwxuhv ri djjuhjdwh gdwd +Iodylq/ 4<;4> Eolqghu dqg Ghdwrq/ 4<;5>
Fdpsehoo dqg Ghdwrq/ 4<;<> Dwwdqdvlr dqg Zhehu/ 4<<6,1q
Wkh shupdqhqw lqfrph prgho suhglfwv wkdw frqvxpswlrq jurzwk vkrxog eh pruh yrodwloh wkdq lqfrph
jurzwk li djjuhjdwh lqfrph jurzwk kdv srvlwlyh vhuldo fruuhodwlrq1 \hw/ djjuhjdwh frqvxpswlrq jurzwk
vhhpv wr eh pxfk vprrwkhu wkdq djjuhjdwh lqfrph jurzwk +Ghdwrq/ 4<;:> Fdpsehoo dqg Ghdwrq/ 4<;<>
Jdol*/ 4<<4,1s
Xqghu wlph0vhsdudeoh xwlolw|/ Phkud dqg Suhvfrww +4<;8, frxog qrw irxqg d sodxvleoh sdlu ri vxemhfwlyh
glvfrxqw udwh dqg uhodwlyh ulvn dyhuvlrq ri wkh uhsuhvhqwdwlyh frqvxphu wr pdwfk wkh phdq ri wkh dqqxdo
uhdo udwh ri lqwhuhvw dqg ri wkh htxlw| suhplxp lq d XV vdpsoh ryhu d <30|hdu shulrg1 Wkdw lv/ vwrfnv
zhuh qrw vx!flhqwo| ulvnlhu wkdq Wuhdvxu| eloov wr h{sodlq wkh vsuhdg ri wkhlu uhwxuqv1v
Zhlo +4<;<, irxqg wkdw lq wkh vdph vdpsoh xvhg e| Phud dqg Suhvfrww/ dowkrxjk lqglylgxdov olnh
frqvxpswlrq wr eh yhu| vprrwk dqg dowkrxjk wkh ulvn0iuhh udwh lv yhu| orz/ wkh| vwloo vdyh hqrxjk wkdw
shu0fdslwd frqvxpswlrq jurzv udslgo|1
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Lq jhqhudo/ pl{hg frqfoxvlrqv derxw wkh vwuhqjwk ri kdelw irupdwlrq dulvh iurp sdvw
vwxglhv ri wlph0qrqvhsdudeoh suhihuhqfhv edvhg rq djjuhjdwh frqvxpswlrq gdwd1 D qxp0
ehu ri vwxglhv xvlqj XV djjuhjdwh prqwko| +Gxqq dqg Vlqjohwrq/ 4<;9> Hlfkhqedxp hw
do1/ 4<;;> Khdwrq/ 4<<6, dqg txduwhuo| +Pxhooedxhu/ 4<;;, frqvxpswlrq gdwd glvsod| yhu|
olwwoh hylghqfh ri kdelwv1 Krzhyhu/ rwkhu vwxglhv frqfhuqlqj XV gdwd +Ihuvrq dqg Frq0
vwdqwlqlghv/ 4<<4, dqg Mdsdqhvh gdwd +Eudxq hw do1/ 4<<6, ohdg wr d glhuhqw frqfoxvlrq1
Rqh ri wkh prvw frpprq dssurdfkhv lq plfur0hfrqrphwulf vwxglhv xvhg wr whvw wkh
suhvhqfh ri kdelw irupdwlrq kdv ehhq wkh Hxohu htxdwlrq dssurdfk1 Lw irfxvhv rq d vshflf
uvw0rughu frqglwlrq lpsolhg e| wkh rswlpl}dwlrq sureohp idfhg e| d jhqhulf frqvxphu/
doorzlqj wkh hvwlpdwlrq ri suhihuhqfh sdudphwhuv u 1 Lq wklv vwudqg ri olwhudwxuh/ Krw}/
N|godqg dqg Vhgodfhn +4<;;, h{dplqh zkhwkhu lqwhuwhpsrudoo| qrqvhsdudeoh xwlolw| ixqf0
wlrqv duh lpsruwdqw lq fkdudfwhul}lqj plfurgdwd rq olih0f|foh oderu vxsso| ehkdylru dprqj
zklwh pdoh zrunhuv lq wkh X1V1 Wkh| qg hpslulfdo vxssruw iru wkh k|srwkhvlv wkdw djhqwv*
suhihuhqfhv gluhfwo| ghshqg xsrq sdvw ohlvxuh ghflvlrqv dqg iru wkh uhodwlyho| vlpsoh vshf0
lfdwlrq ri qrqvhsdudeoh suhihuhqfhv sursrvhg e| N|godqg dqg Suhvfrww +4<;5,1 Pruh
uhfhqwo|/ Phjklu dqg Zhehu +4<<9, dujxh wkdw wkh zlwklq pdujlqdo udwh ri vxevwlwxwlrq
ixqfwlrq fdq eh xvhg dv d frqwuro zkhq hydoxdwlrq uhvxowv rewdlqhg xvlqj wkh lqwhuwhpsrudo
Hxohu htxdwlrq1 Wkh| xvh d odujh vdpsoh ri XV krxvhkrogv/ gudzq iurp wzhoyh |hduv ri wkh
Frqvxphu H{shqglwxuh Vxuyh| wr prgho wkh lqwhuwhpsrudo dqg zlwklq shulrg doorfdwlrq
ri h{shqglwxuh rq irrg lq wkh krph/ wudqvsruw dqg vhuylfhv1 Wkh| irxqg qr hpslulfdo vxs0
sruw iru lqwhuwhpsrudo qrq0vhsdudelolw| ri suhihuhqfhv ryhu irrg/ wudqvsruw dqg vhuylfhv1
Vlploduo|/ G|qdq +5333, qgv qr hylghqfh ri kdelw irupdwlrq dw wkh dqqxdo iuhtxhqf|1 Khu
dqdo|vlv rq irrg frqvxpswlrq gdwd iurp wkh Sdqho Vwxg| rq Lqfrph G|qdplfv lqglfdwh
wkdw kdelw irupdwlrq kdv dw prvw dq h{wuhpho| olplwhg lq xhqfh rq frqvxphuv* ehkdylru1
Wklv qglqj lv urexvw wr d qxpehu ri fkdqjhv lq wkh prgho*v vshflfdwlrq1
Dq dowhuqdwlyh dssurdfk wr wkh Hxohu htxdwlrq lv dgrswhg e| Dohvvlh dqg Oxvdugl
+4<<:,/ zkr ghulyh forvhg0irup vroxwlrqv iru frqvxpswlrq +dqg vdylqj, xqghu wkh dvvxps0
wlrq ri FDUD zlwklq shulrg suhihuhqfhv1 x Forvhg0irup vroxwlrqv iru frqvxpswlrq dqg
vdylqj doorz d ehwwhu xqghuvwdqglqj ri vrph ri wkh lvvxhv frqfhuqlqj wkrvh yduldeohv/ dv
wkh| surylgh d ulfk vshflfdwlrq wkdw h{whqgv vrph ri wkh suhylrxv uhvxowv lq wkh olwhud0
wxuh1 D sureohp zlwk wkh prgho ri Dohvvlh dqg Oxvdugl +4<<:, lv wkdw lw grhv qrw suhfoxgh
w
Zkhwkhu hvwlpdwhv ri vwuxfwxudo sdudphwhuv edvhg rq orj0olqhdul}hg Hxohu htxdwlrqv pd| eh eldvhg
+Fduuroo/ 5334, ru qrw +Dwwdqdvlr dqg Orz/ 5335, lv vwloo xqghu ghedwh1y
Wkh vwxg| ri Dohvvlh dqg Oxvdugl +4<<:, grhv qrw frqwdlq dq hpslulfdo sduw1 Lq rwkhu zrugv/ wkh|
kdyh qrw whvwhg hpslulfdoo| wkh ydolglw| ri wkhlu wkhruhwlfdo prgho1
;; 81 Vdylqj dqg Kdelw Irupdwlrq= Hylghqfh iurp Gxwfk Sdqho Gdwd
qhjdwlyh frqvxpswlrq1 D ghwdlohg ghvfulswlrq ri Dohvvlh dqg Oxvdugl*v prgho lv surylghg
lq Vhfwlrq 815 ehorz1
Jxduljold dqg Urvvl +5334, jhqhudol}h Zhlo*v prgho +4<<6,/ edvhg rq k|eulg qrq0
h{shfwhg xwlolw| suhihuhqfhv/ e| doorzlqj iru kdelw irupdwlrq1 Wkh| rewdlq d forvhg0irup
vroxwlrq iru frqvxpswlrq dv d ixqfwlrq ri oderu lqfrph dqg wrwdo uhvrxufhv/ oderu lq0
frph ulvn dqg odjjhg frqvxpswlrq1 Wkh| wkhq ghulyh dq Hxohu htxdwlrq ri frqvxpswlrq
fkdqjhv z / zkhuh fxuuhqw frqvxpswlrq fkdqjhv ghshqg rq odjjhg fkdqjhv dqg oderu lqfrph
ulvn1 Wkh| hvwlpdwh wklv Hxohu htxdwlrq xvlqj gdwd iurp wkh Eulwlvk Krxvhkrog Sdqho Vxu0
yh| iru wkh shulrg 4<<50<: dqg wkh| qg wkdw erwk oderu lqfrph ulvn dqg sdvw fkdqjhv
lq frqvxpswlrq duh lpsruwdqw lq ghwhuplqlqj fxuuhqw fkdqjhv lq frqvxpswlrq1 Lq sduwlf0
xodu/ iru doo wkh hvwlpdwruv wkh| dgrsw +ROV/ zlwklq jurxsv/ uvw0glhuhqfhg JPP dqg
V|vwhp JPP, wkh odjjhg fkdqjhv lq frqvxpswlrq glvsod| d vwurqj vwdwlvwlfdoo| vljqlfdqw
qhjdwlyh hhfw rq wkh fxuuhqw fkdqjhv1 Wklv vxjjhvwv wkdw wkh xwlolw| ixqfwlrq h{klelwv
gxudelolw| lq Ghdwrq*v +4<<5, vhqvh/ udwkhu wkdq kdelw irupdwlrq1 Lw lv zruwkzkloh vd|lqj
wkdw Jxduljold dqg Urvvl*v hpslulfdo prgho fdq eh mxvwlhg e| wkh prgho e| Dohvvlh dqg
Oxvdugl1 Lq rwkhu zrugv Jxduljold dqg Urvvl +5334, fdqqrw lqihu hpslulfdoo| zkhwkhu ru
qrw wkhlu frpsolfdwhg h{whqvlrq ri Zhlo*v prgho ghvfulehv krxvhkrog ehkdylru lq d ehwwhu
zd| wkdq wkh prgho ri Dohvvlh dqg Oxvdugl +4<<:,1
Lq wklv fkdswhu zh hvwlpdwh wkh prghov ri Dohvvlh dqg Oxvdugl +4<<:, dqg Jxduljold
dqg Urvvl +5334,1 Rxu hpslulfdo prghov zloo eh edvhg rq wkhlu forvhg0irup vroxwlrqv1
Lq wkhvh forvhg irup vroxwlrqv vdylqj lv h{suhvvhg dv d ixqfwlrq ri odjjhg vdylqj dqg
rwkhu uhjuhvvruv1 Dowhuqdwlyho|/ zh frxog kdyh xvhg wkh Hxohu0htxdwlrq dssurdfk +vhh h1j1
Jxduljold dqg Urvvl +5334, dqg G|qdq +5333,,/ exw zh zloo dujxh wkdw wklv dssurdfk pd|
|lhog vsxulrxvo| qhjdwlyh hvwlpdwhv ri wkh kdelw irupdwlrq sdudphwhu ehfdxvh lq vxuyh|v
frqvxpswlrq lv w|slfdoo| phdvxuhg zlwk frqvlghudeoh huuru1 D vhfrqg uhdvrq wr xvh wkh
forvhg irup vroxwlrq dv d edvlv ri wkh hpslulfdo prgho lv wkdw lw hperglhv pruh lqirupdwlrq
derxw wkh kdelw irupdwlrq prgho wkdq wkh Hxohu htxdwlrq1 Wkhuhiruh/ wkh forvhg irup
vroxwlrq doorzv iru d pruh srzhuixo whvw ri wkh ydolglw| ri wkh kdelw irupdwlrq prgho wkdq
wkh Hxohu htxdwlrq dssurdfk1 Iru h{dpsoh/ frqwudu| wr Jxduljold dqg Urvvl +5334, zh
Wkh Hxohu htxdwlrq xvhg e| Jxduljold dqg Urvvl grhv qrw vxhu iurp ghdwk wr Hxohu htxdwlrq
fulwltxh ri Fduuroo +4<<:,1 Wkh edvlf lghd ehklqg wklv fulwltxh lv wkdw wkh hvwlpdwlrq ri orj0olqhdul}hg Hxohu
htxdwlrqv xvlqj lqvwuxphqwdo yduldeohv phwkrgv rq furvv0vhfwlrq krxvhkrog gdwd vkrxog eh dedqgrqhg dv
lw grhv qrw |lhog dq| xvhixo lqirupdwlrq1 Jxduljold dqg Urvvl gr qrw qhhg wr orj0olqhdul}h wkh Hxohu
htxdwlrq/ dv wkh| xvh d Frqvwdqw Devroxwh Ulvn Dyhuvlrq lqvwdqwdqhrxv xwlolw| ixqfwlrq1 Krzhyhu/ dv zh
vdlg ehiruh/ lq wkh prghov ri erwk Jxduljold dqg Urvvl +5334, dqg Dohvvlh dqg Oxvdugl +4<<:, qhjdwlyh
frqvxpswlrq lv srvvleoh/ zklfk pd| vrxqg vwudqjh1
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duh deoh wr glvfulplqdwh hpslulfdoo| ehwzhhq wkh prghov ri Dohvvlh dqg Oxvdugl +4<<:,
dqg Jxduljold dqg Urvvl +5334,1 Krzhyhu/ zh kdyh wr txdoli| d elw wkh uhpdun derxw
kh dgydqwdjhv ri xvlqj wkh forvhg iru vroxwlrq lq wkh hpslulfdo h{huflvh= wkh forvhg irup
vroxwlrq dssurdfk uholhv pruh khdylo| rq sur{| yduldeohv +h1j1 zh qhhg d sur{| iru wkh
h{shfwhg glvfrxqwhg ydoxh ri ixwxuh lqfrph fkdqjhv,1
Wkh uhpdlqghu ri wkh fkdswhu lv rujdql}hg dv iroorzv1 Lq wkh iroorzlqj Vhfwlrq 815
zh ghvfuleh wkh wkhruhwlfdo prgho1 Vhfwlrq 816 looxvwudwhv rxu gdwdvhw/ dqg Vhfwlrq 817
suhvhqwv wkh fruuhvsrqglqj hpslulfdo hylghqfh1 Vhfwlrq 818 frqfoxghv wkh fkdswhu1
815 Wkh wkhruhwlfdo prgho iru kdelw irupdwlrq dqg
suhfdxwlrqdu| vdylqj
Lq wklv vhfwlrq zh ghvfuleh wkh wkhruhwlfdo prgho zh zloo xvh iru hpslulfdo whvwv1 Zh vwulfwo|
uhihu wr Dohvvlh dqg Oxvdugl*v +4<<:, prgho ri kdelw irupdwlrq/ lq lwv suhfdxwlrqdu| vdylqj
vshflfdwlrq1
Wkh uhihuhqfh prgho lv wkh rqh e| Fdedoohur +4<<3,/ zlwk d qhjdwlyh h{srqhqwldo xwlolw|
ixqfwlrq dqg dq xqfhuwdlq qrq0fdslwdo lqfrph/ iroorzlqj d prylqj0dyhudjh surfhvv zlwk
#  uhsuhvhqwlqj wkh lwk PD frh!flhqw1 Khqfh=
H  |   H &U  |  ' # mU  z  +814,
zkhuh #  ' / S ~ E n u &U5 # mU5 ? 4 dqg z  lv dq l1l1g1 lqqrydwlrq1 Dohvvlh dqg
Oxvdugl h{whqg Fdedoohur*v prgho e| doorzlqj iru kdelw irupdwlrq1
Dvvxplqj dq lqqlwh sodqqlqj krul}rq/ krxvhkrogv fkrrvh fxuuhqw dqg ixwxuh frqvxps0










vxemhfw wr dq lqwhuwhpsrudo exgjhw frqvwudlqw=
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|  +816,
zkhuh D &U  dqg f &U  duh jlyhq1 H  lv wkh h{shfwdwlrqv rshudwru/ f  ghqrwhv frqvxpswlrq
lq shulrg  / |  lv qrq0fdslwdo lqfrph/ D  lv qrq0kxpdq zhdowk/ u lv wkh uhdo {hg lqwhuhvw
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udwh dqg  lv wkh udwh ri wlph suhihuhqfh1 Fxuuhqw xwlolw| ghshqgv qrw rqo| rq fxuuhqw
frqvxpswlrq/ exw dovr rq frqvxpswlrq d shulrg djr1 Qrwh wkdw wkh lqqlwh krul}rq
ryhu zklfk wkh rswlpl}dwlrq rffxuv lv d fuxfldo dvvxpswlrq/ zklfk pljkw qrw eh uhdolvwlf1
Krzhyhu/ wklv dvvxpswlrq doorzv xv wr uhzulwh wkh lqwhuwhpsrudo exgjhw frqvwudlqw lq wkh
iroorzlqj zd|=
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Jlyhq wklv htxdwlrq/ Dohvvlh dqg Oxvdugl +4<<:, suryh wkh iroorzlqj=
 Wkh vwrfkdvwlf surfhvv ri f Z ' f   f mU  lv d pduwlqjdoh zlwk guliw=
f Z ' f ZmU  n K mU  n   +818,
zkhuh   ghqrwhv wkh lqqrydwlrq lq frqvxpswlrq f Z dqg K mU  lv d phdvxuh ri wkh
hhfw ri suhfdxwlrqdu| vdylqj +vhh ehorz,1
 Wkh uhodwlrq ehwzhhq wkh frqvxpswlrq lqqrydwlrq   dqg wkh lqfrph lqqrydwlrq z 
fdq eh zulwwhq dv=
  ' # Z z  +819,
zkhuh # Z '      S ~   #  E n u U  1
Wklv phdqv wkdw li kdelw irupdwlrq lv qrw suhvhqw + ' f,/ wkhq wkh frqvxpswlrq
lqqrydwlrq htxdov wkh dqqxlw| ydoxh ri wkh frqwhpsrudqhrxv lqqrydwlrq lq lqfrph>
zkhq kdelw irupdwlrq lv wkhuh/ wkh frqvxpswlrq lqqrydwlrq htxdov

    wlphv
wkh uhylvlrq lq shupdqhqw lqfrph1 Dv d frqvhtxhqfh/ wkh odujhu wkh kdelw irupdwlrq
frh!flhqw / wkh vpdoohu # Z / dqg frqvhtxhqwo|/ wkh ohvv vhqvlwlyh frqvxpswlrq lv wr
lqfrph vkrfnv1
 Wkh frqvxpswlrq ixqfwlrq lpsolhg e| wkh pd{lpl}dwlrq sureohp deryh kdv wkh
iroorzlqj irup=
f  ' 
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ghqrwhv shupdqhqw lqfrph1
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Htxdwlrq +81:, vd|v wkdw frqvxpswlrq ghshqgv rq sdvw frqvxpswlrq/ shupdqhqw
lqfrph dqg suhfdxwlrqdu| vdylqj1 Htxdwlrq +81:, lv dgglwlyh dqg suhfdxwlrqdu|
vdylqj ghshqgv rq wkh surshuwlhv ri lqfrph ulvn1 Wkh sdudphwhu  dhfwv wkh uhodwlyh
lpsruwdqfh ri wkh wkuhh whupv1 Lq sduwlfxodu/ wkh vwurqjhu wkh kdelw/ wkh eljjhu wkh
zhljkw sxw rq sdvw frqvxpswlrq{ dqg wkh orzhu wkh hhfw ri lqfrph xqfhuwdlqw| rq
frqvxpswlrq1
Li wkh prgho lv zulwwhq lq whupv ri vdylqj udwkhu wkdq frqvxpswlrq/ wkh forvhg0irup
vroxwlrq iru vdylqj wdnhv wkh iroorzlqj irup=
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+81;,
Vlploduo|/ vdylqj ghshqgv rq sdvw vdylqj/ fxuuhqw dqg ixwxuh lqfrph fkdqjhv dqg
surshuwlhv ri wkh lqfrph surfhvv1 Rqfh djdlq/ wkh lpsruwdqfh ri hdfk frpsrqhqw lv d
ixqfwlrq ri / wkdw lv ri wkh vwuhqjwk ri kdelw1 Lq wkh fdvh ri qr kdelwv + ' f,/ wkh
htxdwlrq deryh lv wkh vwdqgdug vdylqj iru d udlq| gd| htxdwlrq> zkhq wkhuh lv kdelw
irupdwlrq + A f,/ wkh vwurqjhu wkh kdelw/ wkh orzhu wkh uroh ri ixwxuh lqfrph fkdqjhv dqg
ri lqfrph xqfhuwdlqw| dqg wkh kljkhu wkh rqh ri sdvw vdylqj1
Jxduljold dqg Urvvl +5334, jhqhudol}h Zhlo*v prgho +4<<6,/ edvhg rq k|eulg qrq0
h{shfwhg xwlolw| suhihuhqfhv/ e| doorzlqj iru kdelw irupdwlrq1 Wkh| rewdlq wkh iroorzlqj
forvhg0irup vroxwlrq iru frqvxpswlrq dv d ixqfwlrq ri oderu lqfrph dqg wrwdo uhvrxufhv/
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f &U  n % Z +81<,
zkhuh  '
 ¤  ¥ + ghqrwhv wkh udwh ri wlph suhihuhqfh, dqg % Z +% Z ? f, ghqrwhv wkh
suhfdxwlrqdu| vdylqj frpsrqhqw zklfk ghshqgv rq/ dprqj rwkhu wklqjv/ wkh yduldqfh ri
ixwxuh lqfrph vkrfnv dqg wkh kdelw irupdwlrq sdudphwhu 1 nl Qrwlfh wkdw li u '  / wkhq
Wklv lv frqvlvwhqw zlwk wkh idfw wkdw dprqj lwv srwhqwldoo| lpsruwdqw hpslulfdo lpsolfdwlrqv/ kdelw
irupdwlrq fdxvhv frqvxphuv wr dgmxvw vorzo| wr vkrfnv lq shupdqhqw lqfrph +G|qdq/ 5333,
Vhh htxdwlrq +43, ri Jxduljold dqg Urvvl +5334,p&
Vhh htxdwlrq +44, ri Jxduljold dqg Urvvl +5334,1 Wkh kljkhu wkh yduldqfh ri ixwxuh lqfrph vkrfnv/
wkh pruh qhjdwlyh wkh suhfdxwlrqdu| vdylqj whup % ¦ ehfrphv1 Olnh lq wkh prgho ri Dohvvlh dpg Oxvdugl
+4<<:, Jxduljold dqg Urvvl*v prgho suhglfwv wkdw wkh odujhu wkh kdelw irupdwlrq frh!flhqw / wkh ohvv
vhqvlwlyh frqvxpswlrq lv wr lqfrph vkrfnv +l1h suhfdwlrqdu| ehfrphv ohvv lpsruwdqw,1
<5 81 Vdylqj dqg Kdelw Irupdwlrq= Hylghqfh iurp Gxwfk Sdqho Gdwd
 ' 1 Lq wkdw fdvh prgho +81<, lv revhuydwlrqdoo| htxlydohqw wr prgho +81:,1 Prgho +81<,
lpsolhv wkh iroorzlqj vdylqj htxdwlrq=
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816 Ghvfulswlrq ri wkh gdwdvhw
Wkh hpslulfdo dqdo|vlv lv edvhg rq vl{ zdyhv ri wkh FhqwHU Vdylqjv Vxuyh| +FVV,/ gudzq
iurp 4<<6 wr 4<<;1 Wkh FVV +iruphuo| nqrzq dv wkh YVE sdqho, lv d sdqho vxuyh| vwduwhg
lq 4<<6 dqg uxq hyhu| |hdu1 Xqwlo 4<<:/ wkh FhqwHU Vdylqjv Vxuyh| frqvlvwhg ri wzr
vdpsohv1 Wkh uvw vdpsoh +UHS, zdv lqwhqghg wr eh uhsuhvhqwdwlyh ri wkh Gxwfk srsx0
odwlrq> lw frqvlvwv ri vrph 5333 krxvhkrogv lq hdfk zdyh/ lqfoxglqj uhiuhvkphqw vdpsohv
frpshqvdwlqj iru sdqho dwwulwlrq1 Wkh vhfrqg vdpsoh +KLS, zdv uhsuhvhqwdwlyh ri wkh wrs
43 shufhqw ri wkh lqfrph glvwulexwlrq dqg lqlwldoo| lw frqwdlqhg vrph <33 krxvhkrogv1 Lq
4<<; rq prvw uhvsrqghqwv ri wkh vhfrqg vdpsoh vwrsshg/ vr wkdw vlqfh wkdw |hdu rq wkh
FVV lqfoxghv rqo| wkh UHS1
Wkh FhqwHU Vdylqjv Vxuyh| frqvlvwv ri yh txhvwlrqqdluhv= zrun dqg shqvlrqv/ df0
frpprgdwlrq dqg pruwjdjhv/ lqfrph dqg khdowk/ dvvhwv dqg oldelolwlhv/ hfrqrplf dqg
sv|fkrorjlfdo frqfhswv1 Wkh txhvwlrqqdluhv duh vhqw wr wkh uhvsrqghqwv e| prghp/ wkh
uhvsrqghqwv oo lq wkh txhvwlrqqdluhv dw wkhlu krph frpsxwhuv/ dqg wkh dqvzhuv duh uh0
wxuqhg lq wkh vdph zd|1 Wklv phdqv wkdw wkh txhvwlrqqdluhv duh vhoi0dgplqlvwhuhg dqg
wkh uhvsrqghqwv fdq dqvzhu wkh txhvwlrqqdluhv dw d wlph wkdw lv frqyhqlhqw iru wkhp1
Iru rxu sxusrvhv zh irfxv pdlqo| rq wkh dvvhwv dqg oldelolwlhv txhvwlrqqdluh dqg wkh
hfrqrplf dqg sv|fkrorjlfdo frqfhswv1 Wkh iruphu surylghv ghwdlohg lqirupdwlrq derxw
iruw| dvvhw dqg ghew fdwhjrulhv/ erwk qdqfldo dqg uhdo nn 1 Iru prvw ri wkhvh fdwhjrulhv/
uhvsrqghqwv duh uvw dvnhg wr lqglfdwh zkhwkhu wkh| rzq wkh w|sh1 Li wkh| gr/ wkh| wkhq
kdyh wr dqvzhu d vhw ri txhvwlrqv derxw wkh dprxqwv dqg wkh suhflvh qdwxuh ri hdfk
dvvhw2oldelolw|1 Qrq0uhvsrqvh lv qrw dq lvvxh iru wkh rzqhuvkls txhvwlrqv/ exw lw lv iru
vrph ri wkh txhvwlrqv rq wkh dprxqwv1 Zh wkhq dgrsw wkh vdph phwkrgrorj| e| Dohvvlh/
Krfkjxhuwho dqg ydq Vrhvw +5335,/ wkdw lv zh kdyh lpsxwhg wkh dprxqwv iru wkrvh zkr
uhsruwhg wr eh rzqhuv exw glg qrw surylgh dq dprxqw1 Wkh lpsxwhg ydoxhv duh edvhg rq
dprxqwv khog lq dgmdfhqw |hduv dqg rq uhjuhvvlrq prghov wkdw uhodwh revhuyhg dprxqwv wrpp
D ghwdlohg ghvfulswlrq ri wkhvh dvvhwv dqg oldelolwlhv lv surylghg e| Dohvvlh/ Krfkjxhuwho dqg ydq Vrhvw
+5335,1
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krxvhkrog fkdudfwhulvwlfv1 Suhglfwlrq huuruv duh wdnhq lqwr dffrxqw e| gudzlqj huuruv iurp
wkh hvwlpdwhg huuru whup glvwulexwlrq lq wkh uhjuhvvlrq prghov/ zkhuh ixoo dffrxqw lv wdnhq
ri wkh fryduldqfh vwuxfwxuh ri wkh huuru whupv ryhu wlph1 Iru doo uhvsrqghqwv wkhvh gdwd
kdyh ehhq djjuhjdwhg lqwr wrwdo lqfrph shu frpsrqhqw dqg wrwdo dvvhw shu frpsrqhqw1
Rq wkh edvlv ri wkh ydulrxv lqfrph frpsrqhqwv/ wrwdo jurvv dqg wrwdo qhw lqfrph +rq wkh
uhvsrqghqw ohyho, zhuh frpsxwhg dovr1
Wkh hfrqrplf dqg sv|fkrorjlfdo frqfhswv txhvwlrqqdluh uhsuhvhqwv d yhu| ulfk vhw ri
txhvwlrqv derxw vhyhudo wrslfv/ lqfoxglqj shuvrqdo fkdudfwhulvwlfv/ krxvhkrog lqfrph/ h{0
shfwdwlrqv derxw ixwxuh lqfrph/ dwwlwxgh wrzdugv vdylqj dqg vdylqj ehkdylru/ ulvn shu0
fhswlrq dqg ulvn dyhuvlrq/ h{shfwdwlrqv iru wkh ixwxuh dqg frpsdulvrq zlwk wkh fxuuhqw
vlwxdwlrq/ sodqqlqj ri qdqfldo pdwwhuv1 Iru rxu sxusrvhv/ zh irfxv rq d qxpehu ri
txhvwlrqv uhodwhg wr vdylqj ehkdylru1
Htxdwlrq +81;, lv wkh vwduwlqj srlqw ri rxu hpslulfdo dqdo|vlv1 Zh qrz surylgh d
ghvfulswlrq ri wkh yduldeohv xvhg lq wkh hvwlpdwlrq surfhgxuh1
41 Lq wkh FVV/ wkh ghshqghqw yduldeoh v   +vdylqj e| krxvhkrog l lq |hdu w, fdq eh
phdvxuhg dv iroorzv= uvw zh xvh lqirupdwlrq derxw zkhwkhu dq| prqh| kdv ehhq
sxw dvlgh lq wkh suhylrxv 45 prqwkv e| dq lqglylgxdo1 Wkhq wkh| duh dvnhg wr
lqglfdwh krz pxfk prqh| wkhlu krxvhkrog kdv sxw dvlgh lq wkh vdph shulrg1 Lq rxu
dqdo|vlv zh gr qrw xvh olplwhg ghshqghqw yduldeoh hvwlpdwlrq whfkqltxh iru uhdvrqv
h{sodlqhg lq irrwqrwh 451 Lw lv wkhuhiruh lpsruwdqw wr ghdo zlwk qr prqh| sxw
dvlgh dqvzhuv +4<3: fdvhv rxw ri wkh 9935 fdvhv,1 Zh kdyh ixuwkhu lqyhvwljdwhg
wkhvh fdvhv e| furvvlqj wkhp zlwk rwkhu lqirupdwlyh yduldeohv lq wkh txhvwlrqqdluh/
lq rughu wr fkhfn iru srwhqwldo glvvdylqj1 Lq sduwlfxodu/ zh kdyh frqvlghuhg wkh
iroorzlqj txhvwlrq=
Ryhu wkh sdvw 45 prqwkv/ zrxog |rx vd| wkh h{shqglwxuhv ri |rxu krxvhkrog zhuh
kljkhu wkdq wkh lqfrph ri wkh krxvhkrog/ derxw htxdo wkh lqfrph ri wkh krxvhkrog/
ru orzhu wkdq wkh lqfrph ri wkh krxvhkrogB
Vhfrqg/ zh wuhdw wkh ghshqghqw yduldeoh/ v   / dv d frqwlqxrxv yduldeoh/ uhsuhvhqwhg
e| wkh dprxqw ri prqh| sxw dvlgh1 no Zh exlow wklv yduldeoh dv iroorzv1 Iru wkrvhplq
Uhvsrqghqwv uhsruw wkh dprxqw ri prqh| sxw dvlgh lq fodvvhv1 Rxw ri wklv slhfh ri lqirupdwlrq
zh kdyh frqvwuxfwhg d frqwlqxrxv yduldeoh e| wdnlqj wkh plg0srlqwv iru hdfk fodvv1 Dowhuqdwlyho|/ zh
frxog kdyh dgrswhg d Olplwhg Ghshqghqw Yduldeoh +OGY, whfkqltxh +h1j1 rughuhg surelw, wr rewdlq
hvwlpdwhv ri wkh sdudphwhuv1 Krzhyhu/ rxu hpslulfdo kdelw irupdwlrq prgho lv reylrxvo| g|qdplf dqg
doorzv iru xqrevhuyhg khwhurjhqhlw| e| lqfoxglqj dq lqglylgxdo hhfw1 Reylrxvo|/ vrph ri wkh uljkw kdqg
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zkr kdyh fodlphg wr kdyh sxw qr prqh| dvlgh dqg zkrvh h{shqglwxuhv zhuh derxw
htxdo wkh lqfrph ri wkh krxvhkrog/ lw zdv fohdu wkdw wkh| kdyh qrw vdyhg dqg qrw
glvvdyhg hlwkhu1 Zh wkhq kdyh lpsxwhg }hur dv wkh dprxqw ri prqh| sxw dvlgh +4:34
fdvhv,1 Iru wkrvh zkr kdyh fodlphg wr kdyh sxw qr prqh| dvlgh dqg zkrvh h{shqgl0
wxuhv zhuh kljkhu wkdq wkh lqfrph ri wkh krxvhkrog/ zh kdyh frqvwuxfwhg d fkdqjh
lq oltxlg qdqfldo zhdowk dv d sur{| ri wkhlu glvvdylqj dqg lpsxwhg wkdw qhjdwlyh
ydoxh dv wkh dprxqw ri prqh| sxw dvlgh +474 revhuydwlrqv,1 Ilqdoo|/ iru wkrvh zkr
kdyh fodlphg wr kdyh sxw qr prqh| dvlgh dqg zkrvh h{shqglwxuhv zhuh orzhu wkdq
wkh lqfrph ri wkh krxvhkrog/ zh kdyh frqvwuxfwhg d fkdqjh lq oltxlg qdqfldo zhdowk
dv d sur{| ri wkhlu vdylqj dqg lpsxwhg wkdw +srvlwlyh, ydoxh dv wkh dprxqw ri prqh|
sxw dvlgh/ lq rughu wr ryhufrph wkh frqwudglfwlrq +98 fdvhv,1 Lq frqvwuxfwlqj wkh
lpsxwhg yduldeoh phqwlrqhg deryh/ zh kdyh xvhg lqirupdwlrq derxw zhdowk1 Iru
hdfk |hdu/ zh kdyh slfnhg wkh prvw oltxlg fdwhjrulhv iru dvvhwv +fkhfnlqj dffrxqwv/
vdylqjv duudqjhphqwv/ olqnhg wr d Srvwedqn dffrxqw/ ghsrvlw errnv/ vdylqjv ru gh0
srvlw dffrxqwv/ vdylqjv fhuwlfdwhv, qhw ri wkh prvw oltxlg fdwhjrulhv ri oldelolwlhv
+sulydwh ordqv dqg h{whqghg olqhv ri fuhglw, dqg wkhq wdnhq uvw glhuhqfhv1 Zh
kdyh ghohwhg h{wuhph ydoxhv lq rughu wr dyrlg lqfoxglqj rxwolhuv lq rxu lpsxwdwlrqv1
Reylrxvo|/ zh frxog kdyh rewdlqhg dq dowhuqdwlyh vdylqj phdvxuh e| frpsxwlqj wkh
uvw glhuhqfhv lq +oltxlg, zhdowk1 Zh zloo dujxh lq wkh qh{w vhfwlrq wkdw xvlqj
wklv phdvxuh pd| uhvxow lq d vsxulrxvo| qhjdwlyh hvwlpdwh ri wkh kdelw irupdwlrq
sdudphwhu
51 Lqfrph fkdqjh= Zh exlog d yduldeoh +uhdol}hg lqfrph fkdqjh, iurp wkh iroorzlqj
vhw ri txhvwlrqv=
D1 Wkh wrwdo qhw lqfrph ri |rxu krxvhkrog frqvlvwv ri wkh lqfrph ri doo phpehuv ri
wkh krxvhkrog/ diwhu ghgxfwlrq ri wd{hv dqg suhplxpv iru vrfldo lqvxudqfh srolflhv/
wdnhq dv wkh vxp wrwdo ryhu wkh sdvw 45 prqwkv1 Frpsduhg wr derxw rqh |hdu djr/
glg wkh wrwdo qhw lqfrph ri |rxu krxvhkrog lqfuhdvh/ uhpdlq derxw wkh vdph/ ru
ghfuhdvhB
E1 E| zkdw shufhqwdjh +dssur{lpdwho|, kdv wkh wrwdo qhw lqfrph ri |rxu krxvhkrog
lqfuhdvhg2ghfuhdvhgB
vlgh yduldeohv +dsduw iurp odjjhg vdylqj, pd| eh fruuhodwhg zlwk wkh lqglylgxdo hhfw1 Hvwlpdwlrq ri OGY
prghov zklfk doorz iru erwk vwdwh ghshqghqfh dqg fruuhodwhg xqrevhuyhg khwhurjhqhlw|/ lv qrwrulrxvo|
gl!fxow1 Wkhuhiruh/ zh devwdlq iurp vxfk dq dssurdfk dqg zh pdnh rxu ghshqghqw yduldeoh frqwlqxrxv1
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Zh wkhq wudqvirup shufhqwdjhv lqwr dprxqwv dqg xvh wkh odwwhu vshflfdwlrq lq wkh
hpslulfdo hvwlpdwlrq1
61 H{shfwdwlrq rq lqfrph fkdqjh= Wzr wlph0krul}rq ohqjkwv duh frqvlghuhg/ dv zh
h{sorlw wkh iroorzlqj txhvwlrqv=
D41 Gr |rx wklqn wkh wrwdo qhw lqfrph ri |rxu krxvhkrog zloo lqfuhdvh/ uhpdlq wkh
vdph/ ru ghfuhdvh lq wkh qh{w 45 prqwkvB
D51 E| zkdw shufhqwdjh gr |rx wklqn wkh wrwdo qhw lqfrph ri |rxu krxvhkrog zloo
lqfuhdvh2ghfuhdvh lq wkh qh{w 45 prqwkvB
E41 Gr |rx wklqn wkh wrwdo qhw lqfrph ri |rxu krxvhkrog zloo lqfuhdvh/ uhpdlq wkh
vdph/ ru ghfuhdvh lq wkh qh{w 8 |hduvB
E51 E| zkdw shufhqwdjh gr |rx wklqn wkh wrwdo qhw lqfrph ri |rxu krxvhkrog zloo
lqfuhdvh2ghfuhdvh lq wkh qh{w 8 |hduvB
Wzr yduldeohv duh wkhq frqvwuxfwhg= yduldeoh H{shfwhg lqfrph fkdqjh +qh{w 45
pwkv, uhihuv wr txhvwlrqv D40D5/ yduldeoh H{shfwhg lqfrph fkdqjh +qh{w 8 |hduv,
uhihuv wr txhvwlrqv E40E51 Erwk yduldeohv duh lq dprxqwv1
71 Xqfhuwdlqw| rq h{shfwhg lqfrph fkdqjh= Iru hdfk ri wkh wlph0krul}rq ohqjkwv gh0
vfulehg deryh/ shrsoh duh dvnhg wkh iroorzlqj txhvwlrq=
Krz fhuwdlq gr |rx ihho derxw wklv lqfrph fkdqjhB
Lqglylgxdov kdyh wr lqglfdwh wkhlu ghjuhh ri xqfhuwdlqw| dprqj irxu srvvlelolwlhv=
yhu| fhuwdlq/ udwkhu fhuwdlq/ qrw yhu| fhuwdlq/ qrw dw doo fhuwdlq1 Wzr fdwhjrulfdo
yduldeohv duh wkhq exlow= 111 derxw lqf1 fkdqjh +qh{w 45 pwkv, dqg 111 derxw lqf1
fkdqjh +qh{w 8 |hduv, iru 45 prqwkv h{shfwdwlrqv dqg iru 8 |hduv h{shfwdwlrqv/
uhvshfwlyho|1
81 Edfnjurxqg fkdudfwhulvwlfv= Zh dgg d qxpehu ri lqglylgxdo fkdudfwhulvwlfv/ vxfk dv=
0 jhqghu
0 ohyho ri hgxfdwlrq
0 djh fodvvhv +lq gxpplhv, nrp&s
Lq sduwlfxodu/ djh4 uhihuv wr djh ohvv wkdq ru htxdo 63/ djh 5 lv djh ehwzhhq 64 dqg 73/ djh 6 lv djh
ehwzhhq 74 dqg 83/ djh 7 lv djh ehwzhhq 84 dqg 93/ djh 8 lv djh ehwzhhq 94 dqg :3/ djh 9 lv djh ehwzhhq
:4 dqg ;;1
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0 qxpehu ri phpehuv lq wkh krxvhkrog
0 qxpehu ri fkloguhq lq wkh krxvhkrog
0 oderu pdunhw vwdwxv +lq gxpplhv,
Wdeoh 814 uhsruwv vxppdu| vwdwlvwlfv iru wkh yduldeohv mxvw ghvfulehg dqg xvhg lq wkh
hpslulfdo vwxg|1 Prvw ri wkhp duh vhoi0h{sodqdwru|1 Krzhyhu/ lw lv zruwk phqwlrqlqj wkdw
jhqghu lv d fdwhjrulfdo yduldeoh/ zklfk wdnhv wkh ydoxh 4 iru pdohv dqg 5 iru ihpdohv1 Lq
wkh hpslulfdo hvwlpdwlrqv pdohv duh wkh uhihuhqfh jurxs1
817 Hpslulfdo lpsohphqwdwlrq dqg uhvxowv
Zh wdnh htxdwlrq +81;, dv vwduwlqj srlqw ri rxu dqdo|vlv1 Zh h{whqg wklv prgho e| doorzlqj
iru ghprjudsklf yduldeohv +h1j1 idplo| vl}h/ qxpehu ri fkloguhq/ hgxfdwlrq ohyho/ djh
gxpplhv, dqg iru dq xqrevhuyhg lqglylgxdo hhfw   1 Vlqfh wkh prgho frqwdlqv d odjjhg
hqgrjhqrxv yduldeoh +v  U ¨ , dqg dq lqglylgxdo hhfw   / wkh vwdqgdug zlwklq hvwlpdwlrq
whfkqltxh |lhogv lqfrqvlvwhqw hvwlpdwhv1 Surfhgxuhv wr hvwlpdwh sdudphwhuv ri vwdqgdug
olqhdu g|qdplf sdqho gdwd prghov duh glvfxvvhg lq qxphurxv sodfhv1 Vhh/ iru h{dpsoh/
Yhuehhn +5333/ Vhfwlrq 4317, iru dq dffhvvleoh ryhuylhz1 Wr irupxodwh wkh hpslulfdo prgho/
wzr w|shv ri fryduldwhv duh glvwlqjxlvkhg= {   ' E{ ¨  > { ­   W 1 Wkh hpslulfdo prgho kdv wkh
iroorzlqj vwuxfwxuh=
v   ' v  &U ¨ n { W   n   n    +8144,
zkhuh zh pdnh wkh iroorzlqj dvvxpswlrqv=
41 ~{
¨  ( w ' > ===> W xqfruuhodwhg zlwk ~   ( w ' > ===> W +vwulfw h{rjhqhlw|,
51 ~{ ­  ( w ' > ===> W xqfruuhodwhg zlwk   dqg ~   ( w ' > ===> W
61 ~
¨  ( w ' > ===> W duh pxwxdoo| xqfruuhodwhg1
{ ­  lqfoxghv vrph wlph lqyduldqw uhjuhvvruv { ­ +h1j1 jhqghu/ hgxfdwlrq ohyho, zklfk
duh dvvxphg wr eh xqfruuhodwhg zlwk wkh lqglylgxdo hhfwv1 Wlph lqyduldqw uhjuhvvruv
wkdw duh qrw dvvxphg wr eh xqfruuhodwhg zlwk wkh lqglylgxdo hhfwv duh vxevxphg lq wkh
lqglylgxdo hhfwv dqg qrw lqfrusrudwhg h{solflwo| lq wkh prgho1 Wkxv dq hpsw| yhfwru { ­ 
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zrxog fruuhvsrqg wr wkh fdvh zkhuh dq| fruuhodwlrq ehwzhhq lqglylgxdo hhfwv dqg wlph
lqyduldqw uhjuhvvruv lv doorzhg iru/ dv lq d sxuh {hg hhfwv prgho1 nlt
Ghqh/ iru w ' > = = = > W /
x   ' v    d{ ¨ W   ¨ n { ­W   ­ n v  U ¨ oE'   n %    +8145,
dqg
{x   ' x    x  &U ¨ E'       U ¨  +8146,
Wkh prgho dvvxpswlrqv lpso| wkh iroorzlqj prphqwv
 Hd{{
¨  {x   o ' f( m ' > 2( > w ' > = = = > W ++vwulfw, h{rjhqhlw|,
 Hd|  &U ­ {x   o ' f( m ' > 2( > w ' > = = = > W +odjjhg ghshqghqw yduldeohv,
 Hd{ ­  x   o ' f( m ' > 2( w ' > = = = > W +h{rjhqhlw| dqg xqfruuhodwhg zlwk lqglylgxdo
hhfw,
Iru d jlyhq vshflfdwlrq/ l1h1/ jlyhq fkrlfhv ri {
¨  dqg { ­  / wkhvh prphqwv fdq eh
xvhg iru vwdqgdug JPP hvwlpdwlrq1 Dffruglqj wr Eoxqghoo hw do1 +5333,/ wkh iroorzlqj
dgglwlrqdo prphqw uhvwulfwlrqv edvhg xsrq d phdq vwdwlrqdulw| dvvxpswlrq fdq eh xvhg
wr lpsuryh h!flhqf|=
H {v  &U ¨ x   ' f +8147,
Wkh JPP hvwlpdwlrq whfkqltxh doorzv iru dq| w|sh ri khwhurvnhgdvwlflw| lq    1 Vdujdq
whvwv iru ryhulghqwli|lqj uhvwulfwlrqv duh xvhg wr whvw wkh ydolglw| ri wkh prphqw uhvwulfwlrqv1
Wkh dvvxpswlrq wkdw wkh huuruv    duh xqfruuhodwhg huuru whupv vhhpv txlwh vwurqj/ exw
lv frpprq lq wklv w|sh ri prgho1 Wklv dvvxpswlrq zloo eh whvwhg e| fkhfnlqj iru vhfrqg
rughu dxwrfruuhodwlrq lq wkh uhvlgxdov lq wkh glhuhqfhg htxdwlrqv1 nu
Wdeoh 815 uhsruwv uhvxowv iru wkh hvwlpdwlrq ri frh!flhqwv lq Htxdwlrq +81;, dffrug0
lqj wr wkh iroorzlqj vshflfdwlrq1 {
¨  lqfoxghv wkh qxpehu ri fkloguhq lq d krxvhkrog/
wkh wrwdo qxpehu ri d krxvhkrog frpsrqhqwv dqg suhfdxwlrqdu| vdylqj whupv/ l1h1 wkh
ghjuhh ri xqfhuwdlqw| derxw ixwxuh erwk vkruw dqg orqj uxq h{shfwhg lqfrph fkdqjhv1p&v
Iroorzlqj Kdxvpdq dqg Wd|oru +4<;4,/ frh!flhqwv rq wlph lqyduldqw uhjuhvvruv fruuhodwhg zlwk lq0
glylgxdo hhfwv frxog vwloo eh lghqwlhg li vrph wlph ydu|lqj uhjuhvvruv duh xqfruuhodwhg wr lqglylgxdo
hhfwv1 Zh gr qrw iroorz wklv dssurdfk vlqfh zh gr qrw vhh dq| qdwxudo fdqglgdwhv iru wklv dprqj rxu
wlph ydu|lqj uhjuhvvruv1p w
Wr hvwlpdwh wkh olqhdu suredelolw| prgho/ zh xvh wkh GSG<; vriwzduh dv ghvfulehg lq Duhoodqr dqg
Erqg +4<<;,1
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{ ­  lqfoxghv uhdol}hg lqfrph fkdqjhv/ erwk vkruw dqg orqj uxq h{shfwdwlrqv derxw ixwxuh
lqfrph fkdqjhv/ jhqghu/ hgxfdwlrq ohyhov dqg djh gxpplhv1 Zh dvvxph wkdw wkh phdq
vwdwlrqdulw| dvvxpswlrq krogv1
Wkh Vdujdq vwdwlvwlf grhv qrw lqglfdwh uhmhfwlrq ri wkh prphqw frqglwlrqv1 Pruhryhu/
dxwrfruuhodwlrq whvwv grhv qrw lqglfdwh uhmhfwlrq ri dvvxpswlrq wkdw ~
¨  ( w ' > ===> W duh
pxwxdoo| xqfruuhodwhg1
Wkh hvwlpdwhg kdelw irupdwlrq sdudphwhu  h{klelwv d srvlwlyh dqg vwdwlvwlfdoo| vlj0
qlfdqw vljq1 Li zh gr qrw doorz iru xqrevhuyhg khwhurjhqhlw|/ wkh hvwlpdwh ri wkh kdelw
irupdwlrq frh!flhqw jhwv frqvlghudeo| odujhu= =e +w0ydoxh =f, iurp =2= +w0ydoxh= =2,1
Wklv uhvxow lqglfdwhv wkdw wkh xqrevhuyhg khwhurjhqhlw| pd| h{sodlq wkh srvlwlyh udz fru0
uhodwlrq ehwzhhq vdylqj dqg odjjhg vdylqj1 Rxu qglqjv glhuv iurp Jxduljold dqg Urvvl*v
uhvxowv/ dv wkh| jhw d qhjdwlyh/ vwurqjo| vljqlfdqw hvwlpdwh iru 1 Dv douhdg| phqwlrqhg
lq wkh lqwurgxfwlrq/ wkh| lqwhusuhw wklv qhjdwlyh vljq dv dq lqglfdwru ri gxudelolw| lq
Ghdwrq*v +4<<5, vhqvh1 G|qdq +5333, hvwlpdwhv d vlplodu Hxohu htxdwlrq dv Jxduljold
dqg Urvvl +5334, exw vkh frqvlghuv irrg frqvxpswlrq lqvwhdg ri wrwdo frqvxpswlrq1 G|0
qdq dovr rewdlqv d qhjdwlyh hvwlpdwh iru / doehlw lqvljqlfdqw1 Vlqfh irrg lv d fohduo|
qrq0gxudeoh jrrg/ khu qhjdwlyh hvwlpdwh fdqqrw eh h{sodlqhg e| phdqv ri d gxudelolw|
dujxphqw1
Krzhyhu/ dqrwkhu lqwhusuhwdwlrq iru wkh qglqjv ri Jxduljold dqg Urvvl +5334, dqg
G|qdq +5333, fdq eh surylghg1 Wkhlu hvwlpdwhv frph iurp wkh Hxohu htxdwlrq iru frq0
vxpswlrq udwkhu wkdq iurp d forvhg irup vroxwlrq vlplodu wr rxu htxdwlrq +8144,1 Wkh
gdwd dw wkhlu glvsrvdo uhihuv wr frqvxpswlrq h{shqglwxuhv +udwkhu wkdq vdylqjv, zklfk lv
suhvxpdeo| phdvxuhg zlwk frqvlghudeoh huuru1 Vxfk phdvxuhphqw huuruv duh uhvsrqvleoh
iru d vwurqj vsxulrxv qhjdwlyh fruuhodwlrq ehwzhhq glhuhqfhv lq fxuuhqw +{f   , dqg sdvw
frqvxpswlrq ohyhov +{f  &U ¨ ,1 Dv d frqvhtxhqfh/ wkh ROV hvwlpdwh ri wkh kdelw irupdwlrq
sdudphwhu  lv eldvhg wrzdugv d qhjdwlyh qxpehu= hyhq li wkh wuxh kdelw irupdwlrq fr0
h!flhqw lv juhdwhu wkdq }hur/ wkh hvwlpdwhg frh!flhqw lv orzhu wkdq }hur dqg qr vwdqgdug
dwwhqxdwlrq eldv wrzdugv }hur rffxuv1 Ehvlghv/ dowkrxjk wkh| dovr hvwlpdwh wkh sdudph0
whuv ri wkh Hxohu htxdwlrq xvlqj JPP/ wkhlu lqvwuxphqwv pd| eh wrr zhdn wr frpshqvdwh
iru wkh phdvxuhphqw huuru sureohp1 nx Lq rwkhu zrugv/ wkh| pd| kdyh irxqg d vsxulrxvo|
qhjdwlyh kdelw irupdwlrq frh!flhqw1
Dqrwkhu ihdwxuh wr hpskdvl}h lv wkdw wkh hvwlpdwh ri wkh kdelw irupdwlrq frh!flhqw 
lv forvh wr wkh rqh iru wkh uhdol}hg lqfrph fkdqjhv sdudphwhu nz 1 Wklv lv lq olqh zlwk wkh
ply
G|qdq +5333, uhsruwv sduwldo U ® ri wkh uvw vwdjh uhjuhvvlrqv zklfk duh txlwh orz +durxqg 31348,1pl
Wkh hvwlpdwhg  lv 3144; dqg ¯°l±,² lv 314:;1
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wkhruhwlfdo prgho= lq Htxdwlrq +81;, wkh frh!flhqwv  dqg
¨§ duh yluwxdoo| wkh vdph iru
vpdoo ydoxhv ri u1
Dv d sur{| iru h{shfwhg lqfrph fkdqjhv
S ~ª E n u &U5 H  {|  zh xvh yduldeohv H{0
shfwhg lqfrph fkdqjh +qh{w 45 pwkv, dqg H{shfwhg lqfrph fkdqjh +qh{w 8 |hduv,1
Wkhlu frh!flhqwv vkrxog eh qhjdwlyh +

  ¨§ , ehfdxvh ri wkh vdylqj iru d udlq|
gd| dujxphqw +vhh Fdpsehoo +4<;:,,1 Reylrxvo|/ wklv sur{| lv qrw shuihfw1 Wkh hvwl0
pdwhg frh!flhqw ri H{shfwhg lqfrph fkdqjh +qh{w 8 |hduv, grhv qrw glhu vljqlfdqwo|
iurp 3 +hyhq diwhu h{foxglqj H{shfwhg lqfrph fkdqjh +qh{w 45 pwkv,,/ zkhuhdv wkh
hvwlpdwhg frh!flhqw iru H{shfwhg lqfrph fkdqjh +qh{w 45 pwkv, lv yhu| vljqlfdqw1
Jlyhq wkh vpdoo hvwlpdwhg ydoxh ri  +3145, dqg iru uhdvrqdeoh ydoxhv ri wkh uhdo lqwhuhvw
udwh/ zh zrxog h{shfw dq hvwlpdwhg frh!flhqw dvvrfldwhg zlwk H{shfwhg lqfrph fkdqjh
+qh{w 8 |hduv, ri durxqg 031<1 Krzhyhu/ zh rewdlq d pxfk vpdoohu ydoxh1 Wklv vxjjhvwv
hlwkhu wkdw shrsoh kdyh d vkruw wlph krul}rq ru wkdw wkh| duh oltxlglw| frqvwudlqhg nl{ 1
Lw lv lqwhuhvwlqj wr qrwh wkdw li zh dvvxph uhdol}hg dqg h{shfwhg lqfrph fkdqjhv wr
eh xqfruuhodwhg wr wkh huuru whupv +l1h1 li yduldeohv uhdol}hg lqfrph fkdqjh / H{shfwhg
lqfrph fkdqjh +qh{w 45 pwkv, dqg H{shfwhg lqfrph fkdqjh +qh{w 8 |hduv, duh lqfoxghg
lq {
¨  ,/ wkhq wkhlu frh!flhqwv ehfrph lqvljqlfdqw1 Krzhyhu/ lq Wdeoh 815 wkh Vdujdq
vwdwlvwlf grhv qrw lqglfdwh d uhmhfwlrq1 Wkhuhiruh zh fdq dvvxph wkdw wkhvh wkuhh yduldeohv
duh ruwkrjrqdo wr wkh lqglylgxdo hhfw1 Pruhryhu/ zh kdyh wr vwuhvv wkdw lq prgho +8144,
   vkrxog qrw eh lqwhusuhwhg dv d iruhfdvw huuru dv lq dq Hxohu htxdwlrq1 Li lw zhuh d
iruhfdvw huuru zh zrxog qrw eh doorzhg wr lqfoxgh wkh wkuhh yduldeohv lq { ­  = zh vkrxog
kdyh ehwwhu xvhg odjjhg ydoxhv dv lqvwuxphqwv1
Dffruglqj wr rxu hvwlpdwlrq uhvxowv/ suhfdxwlrqdu| vdylqj grhv qrw sod| dq lpsruwdqw
uroh lq vdylqj ehkdylru= wkh ghjuhh ri xqfhuwdlqw| derxw erwk vkruw dqg orqj uxq h{shfwhg
lqfrph fkdqjhv lv wrwdoo| lqvljqlfdqw1 D srwhqwldo h{sodqdwlrq lv wkdw wkh kdelw irupdwlrq
irupdwlrq hhfw lv udwkhu vwurqj= dffruglqj wr wkh wkhruhwlfdo prgho/ lq idfw/ wkh vwurqjhu
wkh kdelw irupdwlrq wkh zhdnhu wkh suhfdxwlrqdu| vdylqj1 Lw lv zruwk phqwlrqlqj wkdw li
suhfdxwlrqdu| vdylqj whupv duh lqfoxghg lq { ­  +l1h1 suhfdxwlrqdu| vdylqj lv dvvxphg wr
eh ruwkrjrqdo wr wkh lqglylgxdo hhfw,/ wkhq wkhlu hvwlpdwhg frh!flhqwv jhw qhjdwlyh dqg
vljqlfdqw1 Krzhyhu/ wkh Vdujdq vwdwlvwlf lqfuhdvhv iurp =eD wr e.=S/ vxjjhvwlqj wkdw
wklv odwwhu dvvxpswlrq lv fohduo| uhmhfwhg1
Dv iru wkh ghprjudsklf yduldeohv/ zh revhuyh wkdw ihpdohv vdyh vljqlfdqwo| ohvv wkdq
pdohv1 Wkh uroh ri hgxfdwlrq lv udwkhu kdug wr lqwhusuhw= lw vhhpv wkdw yhu| kljk ohyhovp&
Oltxlglw| frqvwudlqwv hhfwlyho| vkruwhqv wkh wlph krul}rq dv vkrzq e| h1j1 Pduljhu +4<;:, ru ]hoghv
+4<;<,1
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ri hgxfdwlrq ohdgv wr eljjhu dprxqwv ri vdylqj1 Djh fodvvhv duh vwurqjo| vljqlfdqw/
erwk vhsdudwho| +dv gxpplhv,/ zlwk wkh rqo| h{fhswlrq iru wkh odvw fodvv/ dqg mrlqwo| n 1
Wkh djh frh!flhqwv vxjjhvwv wkdw/ fhwhulv sdulexv/ vdylqj lv d ghfuhdvlqj ixqfwlrq ri djh1
Idplo| vl}h dqg krxvhkrog frpsrvlwlrq gr qrw sod| d uhohydqw uroh lq vdylqj ehkdylru1
Zh dovr h{whqghg wkh prgho e| lqfoxglqj oderu pdunhw vwdwxv gxpplhv1 Reylrxvo|/ wkhvh
gxpplhv duh suhvxpdeo| fruuhodwhg zlwk wkh lqglylgxdo hhfw1 Frqwudu| wr Phjklu dqg
Zhehu +4<<9,/ zh gr qrw qg dq| vljqlfdqw hhfw ri oderu pdunhw yduldeohv1
Rqh dowhuqdwlyh wr wkh prgho hvwlpdwhg lq Wdeoh 815 lv wr h{foxgh wkh wlph lqyduldqw
hgxfdwlrq dqg jhqghu yduldeohv frpsohwho|1 Wklv zrxog fruuhvsrqg wr wkh sxuh {hg hhfwv
prgho/ zkrvh uhvxowv duh uhsruwhg lq Wdeoh 8161 Uhvxowv iru wklv prgho duh vlplodu wr wkrvh
lq Wdeoh 8151
Lw lv zruwk qrwlqj wkdw rxu ghqlwlrq ri vdylqj lv edvhg rq lqirupdwlrq derxw prqh|
sxw dvlgh dqg zhdowk1 Dq dowhuqdwlyh ghqlwlrq zrxog eh frpsxwlqj uvw glhuhqfhv lq
zhdowk1 Lq wkh odwwhu vshflfdwlrq/ rxu hpslulfdo prgho zrxog wdnh wkh iroorzlqj irup
{D  ' {D U ¨ n { W   n   n    +8148,
Reylrxvo|/ wkhuh h{lvwv d vwurqj qhjdwlyh fruuhodwlrq ehwzhhq {D  dqg {D U ¨ ehfdxvh
D  lv phdvxuhg zlwk frqvlghudeoh huuru1 Li zh hvwlpdwh Htxdwlrq +8148, e| phdqv ri ROV
zh jhw d qhjdwlyh hvwlpdwlrq ri 1 Hyhq e| dsso|lqj JPP/ zh rewdlq d qhjdwlyh hvwlpdwh
ri = 0=2S +w0ydoxh= S=2b, Pruhryhu/ wklv surfhgxuh zrxog lpso| d orvv ri rqh |hdu ri
revhuydwlrqv o 1 Dv d frqvhtxhqfh/ zh ghflghg qrw wr exlog +dqg zrun zlwk, wkh vdylqj
phdvxuh zlwk lqirupdwlrq derxw glhuhqfhv lq zhdowk1
Lq rughu wr lqyhvwljdwh lq pruh ghwdlo wkh idfw wkdw rqo| vkruw0uxq lqfrph h{shfwdwlrqv
kdyh d vwdwlvwlfdoo| vljqlfdqw lpsdfw rq wkh dprxqw ri prqh| sxw dvlgh/ zh h{sorlw d
txhvwlrq uhodwhg wr idplo| sodqv derxw srvvleoh ixwxuh krph sxufkdvh1 Mdfnpdq dqg
Vxwwrq +4<;5, h{dplqh wkh hhfwv ri xqdqwlflsdwhg lqwhuhvw udwh fkdqjhv rq frqvxphuv*
h{shqglwxuhv lq d prgho zlwk lpshuihfw fdslwdo pdunhwv1 Wkh| vkrz wkdw dq lqfuhdvh lq
lqwhuhvw udwhv fdxvhv oltxlglw|0frqvwudlqhg lqglylgxdov wr fxw edfn wkhlu frqvxpswlrq e| wkh
ixoo dprxqw ri wkh lqfuhdvh lq wkhlu lqwhuhvw sd|phqwv1 Lq frqwudvw/ d idoo lq lqwhuhvw udwhv
uhod{hv wkh oltxlglw| frqvwudlqw dqg grhv qrw ohdg wr dq lpphgldwh lqfuhdvh lq frqvxpswlrq
e| wkh ixoo dprxqw ri wkh idoo lq lqwhuhvw sd|phqwv1 Iru d ehwwhu lqwhusuhwdwlrq ri rxu
qglqjv/ lw lv lpsruwdqw wr vd| wkdw frqvxphuv zkr dqwlflsdwh wkh srvvlelolw| ri lqwhuhvwpl
Wkh s0ydoxh ri wkh Zdog whvw ri wkh k|srwkhvlv wkdw doo 8 djh frh!flhqwv duh mrlqwo| htxdo wr }hur/ lv
313471q
Wkh qxpehu ri revhuydwlrqv gursv iurp 96<3 wr 6;4:1
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udwh fkdqjhv pd| fkrrvh wr krog vrph suhfdxwlrqdu| edodqfhv/ dqg vr sduwldoo| rvhw wkh
lpsdfw ri lqwhuhvw udwh ulvhv/ lq wkdw wkhlu rswlpdo suhfdxwlrqdu| edodqfhv zloo eh vhw dw d
ohyho zklfk zloo shuplw wkhp wr fxvklrq wkh lpsdfw ri vx!flhqwo| vpdoo lqwhuhvw udwh ulvhv1
Lq rughu wr lqyhvwljdwh wklv lvvxh/ zh vhohfw shrsoh zkr ghfoduhg wkhpvhoyhv ehlqj dfwlyho|
orrnlqj iru dqrwkhu dffrpprgdwlrq wr ex|1 Zh wkhq lqwhudfw wkdw slhfh ri lqirupdwlrq
zlwk h{shfwdwlrqv derxw lqfrph fkdqjhv ryhu wkh qh{w 45 prqwkv +yduldeoh soh{sgl4,
dqg ryhu wkh qh{w 8 |hduv +yduldeoh soh{sgl8,1 Lw wxuqv rxw +Wdeoh 817, wkdw iru wkh 45
prqwk0krul}rq/ wkrxjkw qrw vljqlfdqw/ wkh frh!flhqwv ri lqfrph fkdqjh h{shfwdwlrq dqg
ri krph sxufkdvh sodqv vxp xs wr 31 Wklv vxjjhvwv wkdw shrsoh kdyh d orqjhu krul}rq
zkhq wklqnlqj ri orqj0whup ex|lqj1 Krzhyhu/ orqj0uxq yduldeohv lq wkh uhjuhvvlrq gr qrw
h{klelw dq| vljqlfdqfh1
Ilqdoo|/ zh frqvlghu Jxduljold dqg Urvvl*v h{whqvlrq ri wkh prgho ri Dohvvlh dqg Oxvdugl
+fi1 htxdwlrq +8143,,1 Wklv prgho lpsolhv wkdw zh vkrxog h{whqg wkh hpslulfdo prgho +8144,
e| dgglqj odjjhg frqvxpswlrq wr wkh uljkw kdqg vlgh=
v   ' v  U ¨ n { W   n f  &U ¨ n   n    +8149,
Zh hvwlpdwh wkh sdudphwhuv ri htxdwlrq +8149, e| phdqv ri JPP +vhh Wdeoh 818,1 Zh
rewdlq edvlfdoo| wkh vdph uhvxowv dv ehiruh/ vr wkdw zh fdq frqfoxgh wkdw Jxduljold dqg
Urvvl*v kdelw irupdwlrq prgho lv vlplodu wr Dohvvlh dqg Oxvdugl*v1 Krzhyhu/ lw lv lpsruwdqw
wr srlqw rxw wkdw  wxuqv rxw wr eh vljqlfdqwo| glhuhqw iurp 3/ lqglfdwlqj wkdw wkh udwh
ri wlph suhihuhqfh  lv qrw htxdo wr wkh uhdo lqwhuhvw udwh u1
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Lq wklv fkdswhu zh forvho| uhodwh wr Dohvvlh dqg Oxvdugl*v +4<<:, prgho ri frqvxpswlrq
zlwk kdelw irupdwlrq dv zh hvwlpdwh d prgho zklfk lv edvhg rq wkhlu forvhg0irup vroxwlrq1
Rxu hpslulfdo uhvxowv vkrz hylghqfh lq idyru ri kdelw irupdwlrq1 Wklv frqfoxvlrq lv qrw
lq olqh zlwk vrph hduolhu olwhudwxuh1 G|qdq +5333, dqg Jxduljold dqg Urvvl +5334, qg
qhjdwlyh hvwlpdwhv ri wkh kdelw irupdwlrq frh!flhqw1 Wkhlu hvwlpdwhv frph iurp wkh Hxohu
htxdwlrq iru frqvxpswlrq udwkhu wkdq iurp d forvhg irup vroxwlrq1 Zh dujxh wkdw wkh
gdwd wkh| xvh lq wkhlu dqdo|vlv uhihuv wr frqvxpswlrq h{shqglwxuhv +udwkhu wkdq vdylqjv,
zklfk lv suhvxpdeo| phdvxuhg zlwk frqvlghudeoh huuru1 Vxfk phdvxuhphqw huuruv pd|
eh uhvsrqvleoh iru d vwurqj vsxulrxv qhjdwlyh fruuhodwlrq ehwzhhq glhuhqfhv lq fxuuhqw
+{f   , dqg sdvw frqvxpswlrq ohyhov +{f  U ¨ ,1 Dv d frqvhtxhqfh/ wkh ROV hvwlpdwh ri wkh
kdelw irupdwlrq sdudphwhu  lv eldvhg wrzdugv d qhjdwlyh qxpehu1 Pruhryhu/ dowkrxjk
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wkh| dovr hvwlpdwh wkh sdudphwhuv ri wkh Hxohu htxdwlrq xvlqj JPP/ wkhlu lqvwuxphqwv
pd| eh wrr zhdn wr frpshqvdwh iru wkh phdvxuhphqw huuru sureohp1 Rxu lpsuhvvlrq
lv wkdw wkh phdvxuhphqw huuru lq frqvxpswlrq pljkw eh dq dujxphqw djdlqvw wkh xvh
ri wkh Hxohu htxdwlrq dssurdfk wr hvwlpdwh wkh suhihuhqfh sdudphwhuv lq kdelw irupdwlrq
prghov1 Krzhyhu/ pruh hfrqrphwulf uhvhdufk +h1j1 xvlqj Prqwh Fduor vwxglhv, lv qhhghg lq
rughu wr hydoxdwh wkh vwdwlvwlfdo surshuwlhv ri JPP phwkrgv lq hvwlpdwlqj wkrvh g|qdplf
sdqho gdwd prghov zkhuh wkh fruuhodwlrq ehwzhhq wkh ghshqghqw yduldeoh dqg wkh odjjhg
ghshqghqw yduldeoh lv qhjdwlyh ehfdxvh ri wkh suhvhqfh ri +wudqvlwru|, phdvxuhphqw huuruv1
Zh vkrxog qrwh wkdw wkh kdelw irupdwlrq prgho lv qrw ixoo| dffhswhg e| wkh gdwd1
Zh qg hylghqfh lq idyru ri d vkruw sodqqlqj krul}rq dqg oltxlglw| frqvwudlqwv1 Pruh
wkhruhwlfdo uhvhdufk vhhpv wr eh qhhghg lq rughu wr lqyhvwljdwh wkh mrlqw lpsdfw ri oltxlglw|
frqvwudlqwv dqg kdelw irupdwlrq1
Zkhq lqyhvwljdwlqj Jxduljold dqg Urvvl*v h{whqvlrq ri wkh kdelw irupdwlrq prgho ri
Dohvvlh dqg Oxvdugl*v zh jhw vlplodu hvwlpdwlrq uhvxowv1 Krzhyhu/ zh qg vxssruw iru wkh
idfw wkdw wkh udwh ri wlph suhihuhqfh  lv qrw htxdo wr wkh uhdo lqwhuhvw udwh u1 Wklv phdqv
wkdw wkh wzr yhuvlrqv ri wkh kdelw irupdwlrq prgho duh qrw revhuydwlrqdoo| htxlydohqw1
Ilqdoo|/ xs wr wklv srlqw zh kdyh qrw orrnhg dw suhihuhqfh lqwhughshqghqfh +Ndswh|q
hw do1/ 4<<:,/ zklfk pljkw +sduwldoo|, h{sodlq wkh vljqlfdqfh ri wkh kdelw irupdwlrq frhi0
flhqw zh kdyh irxqg1 Wklv vkrxog eh rq wkh djhqgd iru ixwxuh uhvhdufk1
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Wdeoh 814= Ghvfulswlyh vwdwlvwlfv
Yduldeoh Phdq Vwg Ghy Plq Pd{
Vdylqj :<<616 47484165 07;375 483333
Odjjhg vdylqj ;37919 46;3815< 075833 483333
Jhqghu 4146;7 167876 4 5
Lqwhuphgldwh2orz hgxfdwlrq 144644 1649:9 3 4
Lqwhuphgldwh2kljk hgxfdwlrq 144583 164934 3 4
Yrfdwlrqdo hgxfdwlrq/ ohyho 4 14447: 1647:8 3 4
Yrfdwlrqdo hgxfdwlrq/ ohyho 5 145769 166336 3 4
Yrfdwlrqdo hgxfdwlrq/ ohyho 6 1634<3 178<46 3 4
Xqlyhuvlw| hgxfdwlrq 14;9:8 16;<:8 3 4
Djh4 1366:8 14;393 3 4
Djh5 14;373 16;789 3 4
Djh6 15:67: 1778:< 3 4
Djh7 1544:3 173;88 3 4
Djh8 153767 173659 3 4
Qxpehu ri krxvhkrog phpehuv 518336 415:55 4 <
Qxpehu ri fkloguhq 1:399< 413:55 3 :
Uhdol}hg lqfrph fkdqjh 988153 4488617: 0438333 795333
H{shfwhg lqfrph fkdqjh +qh{w 45 pwkv, 96;177 :<4371<3 0663333 8833333
H{shfwhg lqfrph fkdqjh +qh{w 8 |hduv, ;78135 43;59148 0543333 4:;833
Yhu| fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 1585:< 176797 3 4
Udwkhu fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 19833< 17:9<: 3 4
Qrw yhu| fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 13;863 15:<68 3 4
Qrw dw doo fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 1344;3 143;36 3 4
Yhu| fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 14687; 16755: 3 4
Udwkhu fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 1987:7 17:883 3 4
Qrw yhu| fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 14;8<6 16;<3< 3 4
Qrw dw doo fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 1355<4 147<96 3 4
Zrunlqj 174;95 17<66; 3 4
Uhwluhg 1578:: 17638< 3 4
Glvdeohg 1367;4 14;666 3 4
Vhoi0hpsor|hg 14<9:7 16<:8: 3 4
Rwkhu 14356; 16364< 3 4
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Wdeoh 815= Wkh edvlf kdelw irupdwlrq prgho= hvwlpdwlrq uhvxowv
Sdudphwhu Frh!flhqw Vwg Huu w0ydoxh
Frqvwdqw :::915< 665<1;6 51668
Odjjhg vdylqj 144;985 136:<<: 61455
Jhqghu 0573:17 <971563 517<9
Lqwhuphgldwh2orz hgxfdwlrq 5631;67 <;319:5 1568
Lqwhuphgldwh2kljk hgxfdwlrq 4373137 434:133 41355
Yrfdwlrqdo hgxfdwlrq/ ohyho 4 0466518 <591556 4176;
Yrfdwlrqdo hgxfdwlrq/ ohyho 5 5941;7: <4518<6 15;9
Yrfdwlrqdo hgxfdwlrq/ ohyho 6 647:1:9 <:31:56 61575
Xqlyhuvlw| hgxfdwlrq 7999196 4483134 7138:
Djh4 65891:; 47861;< 51579
Djh5 5899193 4357155 51838
Djh6 543518: 44471:6 41;;9
Djh7 5659188 :47188< 61588
Djh8 <<51<8< 8:913;4 41:56
Uhdol}hg lqfrph fkdqjh 14:;<;< 1363:49 81;5:
H{shfwhg Lqfrph fkdqjh +qh{w 45 pwkv, 01334<4 1333734 71::4
H{shfwhg Lqfrph fkdqjh +qh{w 8 |hduv, 013494< 1355:8: 1:44
Qxpehu ri krxvhkrog phpehuv 0<741:3 46731<9 1:35
Qxpehu ri fkloguhq 45;;1:< 47:91:9 1;:5
Udwkhu fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 0868134 7:51;89 41464
Qrw yhu| fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 87154:9 ::51393 13:3
Qrw dw doo fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 76<189: 4574175 1687
Udwkhu fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 06<6165 98;1:;< 18<:
Qrw yhu| fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 0966145 ;67133< 1:8<
Qrw dw doo fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 0487319 4<5319: 1;35
Zdog whvw ri mrlqw vljqlfdqfh 6461337 gi@57 s@1333
Vdujdq whvw 641786 gi@55 s@13;:
Whvw iru uvw0rughu vhuldo fruuhodwlrq 071;;4 ^<;;` s@1333
Whvw iru vhfrqg0rughu vhuldo fruuhodwlrq 1785 ^89:` s@1984
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Wdeoh 816= Kdelw irupdwlrq prgho zlwkrxw wlph lqyduldqw yduldeohv= hvwlpdwlrq uhvxowv
Sdudphwhu Frh!flhqw Vwg Huu w0ydoxh
Frqvwdqw 878<135 56861:< 5164<
Odjjhg vdylqj 14486 136<84: 51<53
Djh4 66<719: 47:<1;: 515<6
Djh5 587<17< 439618< 516<:
Djh6 56::15; 449817; 5136<
Djh7 593<148 :751775 61847
Djh8 43;61<9 8<<1;95 41;3:
Uhdol}hg lqfrph fkdqjh 14:;9 1363: 81;45
H{shfwhg Lqfrph fkdqjh +qh{w 45 pwkv, 01335 13336 81933
H{shfwhg Lqfrph fkdqjh +qh{w 8 |hduv, 01334 13563 139:
Qxpehu ri krxvhkrog phpehuv 0695143 46;41;3 1595
Qxpehu ri fkloguhq 43351;9 48581:3 198:
Udwkhu fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 06:81;< 8641<7: 1:39
Qrw yhu| fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 6781857 ;431337 1759
Qrw dw doo fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 98;16;3 45:41;3 184:
Udwkhu fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 07531<5 99719;4 1966
Qrw yhu| fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 08<813< ;6<16:3 1:3;
Qrw dw doo fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 04;861: 4<7616< 1<86
Zdog whvw ri mrlqw vljqlfdqfh 49<1;< gi@4: s@1333
Vdujdq whvw 4<1:3< gi@48 s@14;6
Whvw iru uvw0rughu vhuldo fruuhodwlrq 071;35 ^<;;` s@1333
Whvw iru vhfrqg0rughu vhuldo fruuhodwlrq 1785 ^89:` s@1984
439 81 Vdylqj dqg Kdelw Irupdwlrq= Hylghqfh iurp Gxwfk Sdqho Gdwd
Wdeoh 817= Kdelw irupdwlrq dqg krxvlqj sxufkdvh lq wkh ixwxuh
Sdudphwhu Frh!flhqw Vwg Huu w0ydoxh
Frqvwdqw ;83618; 6545157 5197:
Odjjhg vdylqj 1457554 136:3 6167;
Jhqghu 057961< <5<1:99 51983
Lqwhuphgldwh2orz hgxfdwlrq 6:813;8 <:61545 16;8
Lqwhuphgldwh2kljk hgxfdwlrq 4435187 433;153 413<6
Yrfdwlrqdo hgxfdwlrq/ ohyho 4 045881: <561:79 4168<
Yrfdwlrqdo hgxfdwlrq/ ohyho 5 6;813:7 <381965 1758
Yrfdwlrqdo hgxfdwlrq/ ohyho 6 65391:< <991993 6164:
Xqlyhuvlw| hgxfdwlrq 7957167 445;175 713<;
Djh4 67<414; 4784166 51738
Djh5 566;15; <871<87 5177;
Djh6 4<:414; 436<1;4 41;<8
Djh7 5485155 9<91:7; 613;;
Djh8 <:<1658 8:317:4 41:49
Uhdol}hg lqfrph fkdqjh 1479<94 136;7;< 61;4;
H{shfwhg Lqfrph fkdqjh +qh{w 45 pwkv, 013;883 13888<; 4186:
H{shfwhg Lqfrph fkdqjh +qh{w 8 |hduv, 0133:;5 135;86; 015:7
Soh{sgl4 +d, 13;7965 1388953 41854
Soh{sgl8 +e, 13493:9 13878<5 15<7
Qxpehu ri krxvhkrog phpehuv 0475515 45;5155 4143<
Qxpehu ri fkloguhq 533:143 46<6157 41773
Udwkhu fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 088319; 79;1755 414:8
Qrw yhu| fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, <813:<6 :9917<9 1457
Qrw dw doo fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 7971374 44<814< 16;;
Udwkhu fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 0767158 9841934 1999
Qrw yhu| fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 0988153 ;5;1744 1:<3
Qrw dw doo fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 04:;81; 4;991:5 01<89
Zdog whvw ri mrlqw vljqlfdqfh 6;41567 gi@59 s@1333
Vdujdq whvw 671635 gi@57 s@1333
Zdog whvw ri mrlqw vljqlfdqfh iru +d, dqg +e, 591737 gi@5 s@1333
Whvw iru uvw0rughu vhuldo fruuhodwlrq 071<69 ^<;;` s@1333
Whvw iru vhfrqg0rughu vhuldo fruuhodwlrq 18;7 ^89:` s@188<
8181 Frqfoxvlrqv 43:
Wdeoh 818= Wkh kdelw irupdwlrq prgho ri Jxduljold dqg Urvvl
Sdudphwhu Frh!flhqw Vwg Huu w0ydoxh
Frqvwdqw :445139 6:<51;9 41;:8
Odjjhg vdylqj 146<;4 136946 61;9<
Jhqghu 048481< 4367179 41798
Lqwhuphgldwh2orz hgxfdwlrq 456164< <791<4< 1463
Lqwhuphgldwh2kljk hgxfdwlrq 6381;3< <;;17:7 163<
Yrfdwlrqdo hgxfdwlrq/ ohyho 4 07:9149 ;:919<3 1876
Yrfdwlrqdo hgxfdwlrq/ ohyho 5 84<1<8< <3:1854 18:5
Yrfdwlrqdo hgxfdwlrq/ ohyho 6 47:81<7 <971973 41863
Xqlyhuvlw| hgxfdwlrq 558:187 4533138 41;;4
Djh4 6783175 464714; 51958
Djh5 559:149 436<17; 514;4
Djh6 476815< 44491<; 415;7
Djh7 463<197 :7615:8 41:94
Djh8 7:<18;4 9571886 1:9:
Uhdol}hg lqfrph fkdqjh 149963 135<74 81986
H{shfwhg lqfrph fkdqjh +qh{w 45 pwkv, 013354 13335< :1667
H{shfwhg lqfrph fkdqjh +qh{w 8 |hduv, 013346 135765 1388
Odjjhg frqvxpswlrq 13<764 134595 :179;
Qxpehu ri krxvhkrog phpehuv 06636133 4:4919< 41<57
Qxpehu ri fkloguhq 685813;5 4:6<14< 51359
Udwkhu fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 069:16;; 7;51696 1:94
Qrw yhu| fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, 043:1543 :871694 1475
Qrw dw doo fhuwdlq derxw lqf1 fk1 +qh{w 45 pwkv, ;:31875 458<198 19<4
Udwkhu fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 083:133: 98:1743 1::4
Qrw yhu| fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 06641465 ;5:1<33 16<<
Qrw dw doo fhuwdlq derxw lqf1 fk1 +qh{w 8 |hduv, 054::169 4<88154 41446
Zdog whvw ri mrlqw vljqlfdqfh 6;919<8 gi@58 s@1333
Vdujdq whvw 681993 gi@56 s@1378
Whvw iru uvw0rughu vhuldo fruuhodwlrq 071;<5 ^<;;` s@1333
Whvw iru vhfrqg0rughu vhuldo fruuhodwlrq 013;8 ^89:` s@1<65
43; 81 Vdylqj dqg Kdelw Irupdwlrq= Hylghqfh iurp Gxwfk Sdqho Gdwd
Eleolrjudsk|
Deho/ D1 +4<<3,/ Dvvhw Sulfhv xqghu Kdelw Irupdwlrq dqg Fdwfklqj Xs zlwk wkh Mrqhv/
Dphulfdq Hfrqrplf Uhylhz/ 73/ 6;0751
Dlqvolh/ J1 dqg Ydugd Kdhqgho +4<;6, Wkh Prwlyhv ri wkh Zloo/ lq Jrwwkhlo H1 hw do1
+hgv1, Hwlrorjlf Dvshfwv ri Dofrkro dqg Guxj Dexvh/ Vsulqjhog/ LO/ Fkduohv F1 Wkrpdv/
44<04731
Dohvvlh/ U1/ Krfkjxhuwho/ V1 dqg ydq Vrhvw/ D1 +5335,/ Krxvhkrog Sruwirolrv lq wkh
Qhwkhuodqgv/ lq Jxlvr/ Kdoldvvrv dqg Mdsshool +hgv1,/ Krxvhkrog Sruwirolrv/ Fdpeulgjh/
PD= PLW Suhvv1
Dohvvlh/ U1 dqg Oxvdugl/ D1 +4<<:,/ Frqvxpswlrq/ Vdylqj dqg Kdelw Irupdwlrq/
Hfrqrplfv Ohwwhuv/ 88/ 436043;1
Duhoodqr/ P1 dqg Erqg/ V1 +4<<;,/ G|qdplf Sdqho Gdwd Hvwlpdwlrq Xvlqj GSG<;
iru JDXVV= D Jxlgh iru Xvhuv/ plphr1
Duurqgho/ O1 +5333,/ Ulvn Pdqdjhphqw/ Oltxlglw| Frqvwudlqwv dqg Zhdowk Dffxpx0
odwlrq Ehkdylru lq Iudqfh/ plphr1
Dwwdqdvlr/ R1 dqg Zhehu/ J1 +4<<6,/ Frqvxpswlrq Jurzwk/ wkh Lqwhuhvw Udwh dqg
Djjuhjdwlrq/ Uhylhz ri Hfrqrplf Vwxglhv/ 93/ 964097<1
Dwwdqdvlr/ R1 dqg Orz/ N1 +5335,/ Hvwlpdwlqj Hxohu Htxdwlrqv/ QEHU Zrunlqj
Sdshu q1 w35861
Eduvn|/ U1E1/ Mxvwhu/ I1W1/ Nlpedoo/ P1V1/ Vkdslur/ P1G1 +4<<:,/ Suhihuhqfh Sd0
udphwhuv dqg Ehkdylrudo Khwhurjhqhlw|= dq H{shulphqwdo Dssurdfk lq wkh Khdowk dqg
Uhwluhphqw Vwxg|/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv 445/ :5<0:8;1
Ehuqduw}l/ V1 dqg Wkdohu/ U1 +5334,/ Qdlyh Glyhuvlfdwlrq Vwudwhjlhv lq Ghqhg Frq0
wulexwlrq Vdylqj Sodqv/ Dphulfdq Hfrqrplf Uhylhz <4/ :<0<;1
Eolqghu/ D1 dqg Ghdwrq/ D1 +4<;8,/ Wkh Wlph Vhulhv Frqvxpswlrq Ixqfwlrq Uhylv0
lwhg/ Eurrnlqj Sdshuv rq Hfrqrplf Dfwlylw|/ 79808541
43<
443 Eleolrjudsk|
Eoxqghoo/ U1/ V1 Erqg dqg I1 Zlqgphlmhu +5333,/ Hvwlpdwlrq lq G|qdplf Sdqho Gdwd
Prghov= Lpsurylqj rq wkh Shuirupdqfh ri wkh Vwdqgdug JPP Hvwlpdwruv/ lq E1 Edowdjl
+hg1,/ Qrqvwdwlrqdu| Sdqhov/ Sdqho Frlqwhjudwlrq/ dqg G|qdplf Sdqhov1 Dgydqfhv lq
Hfrqrphwulfv/ 48/ MDL Suhvv/ Dpvwhugdp1
Eudxq/ S1/ Frqvwdqwlqlghv/ J1 dqg Ihuvrq/ Z1 +4<<6,/ Wlph Qrqvhsdudelolw| ri Dj0
juhjdwh Frqvxpswlrq= Lqwhuqdwlrqdo Hylghqfh/ Hxurshdq Hfrqrplf Uhylhz/ 6:/ ;<:0<531
Fdedoohur/ U1 +4<<3,/ Frqvxpswlrq Sx}}ohv dqg Suhfdxwlrqdu| Vdylqjv/ Mrxuqdo ri
Prqhwdu| Hfrqrplfv/ 58/ 44604691
Fdpsehoo/ M1 +4<;:,/ Grhv Vdylqj Dqwlflsdwh Ghfolqlqj Oderu LqfrphB Dq Dowhuqd0
wlyh Whvw ri wkh Shupdqhqw Lqfrph K|srwkhvlv/ Hfrqrphwulfd/ 88 +9,/ 457<045:61
Fdpsehoo/ M1 dqg Frfkudqh/ M1 +4<<<,/ E| Irufh ri Kdelw= D Frqvxpswlrq0Edvhg
H{sodqdwlrq ri Djjuhjdwh Vwrfn Pdunhw Ehkdylru/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 43:/
5380841
Fdpsehoo/ M1 dqg Ghdwrq/ D1 +4<;<,/ Zk| lv Frqvxpswlrq Vr VprrwkB/ Uhylhz ri
Hfrqrplf Vwxglhv/ 89/ 68:06:71
Fduuroo/ F1 +4<<:,/ Ghdwk wr wkh Orj0Olqhdul}hg Frqvxpswlrq Hxohu Htxdwlrq$ +Dqg
Yhu| Srru Khdowk wr wkh Vhfrqg0Rughu Dssur{lpdwlrq,/ Dgydqfhv lq Pdfurhfrqrplfv/
4/
Fduuroo/ F1 dqg Zhlo/ G1 +4<<7,/ Vdylqj dqg Jurzwk= D Uhlqwhusuhwdwlrq/ Fduqhjlh0
Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 73/ 46604<51
Fduuroo/ F1 dqg Vdpzlfn/ D1 +4<<:,/ Wkh Qdwxuh ri Suhfdxwlrqdu| Zhdowk/ Mrxuqdo
ri Prqhwdu| Hfrqrplfv/ 73/ 740:41
Fduuroo/ F1G1 +5333,/ Vroylqj Frqvxpswlrq Prghov zlwk Pxowlsolfdwlyh Kdelwv/ Hfr0
qrplfv Ohwwhuv/ 9; +4,/ 9:0::1
Fduuroo/ F1/ Ryhuodqg/ M1 dqg Zhlo/ G1 +5333,/ Vdylqj dqg Jurzwk zlwk Kdelw Iru0
pdwlrq/ Dphulfdq Hfrqrplf Uhylhz/ <3 +6,/ 67406881
Frqvwdqwlqlghv/ J1 +4<<3,/ Kdelw Irupdwlrq= D Uhvroxwlrq ri wkh Htxlw| Suhplxp
Sx}}oh/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;/ 84<08761
Frrshu/ L1D1 dqg Ndsodqlv/ H1 +4<<7,/ Krph Eldv lq Htxlw| Sruwirolrv/ Lq dwlrq
Khgjlqj/ dqg Lqwhuqdwlrqdo Fdslwdo Pdunhw Htxloleulxp/ Wkh Uhylhz ri Ilqdqfldo Vwxglhv
: q1 4/ 780931
Ghdwrq/ D1 +4<;:,/ Olih0F|foh Prghov ri Frqvxpswlrq= Lv wkh Hylghqfh Frqvlvwhqw
zlwk wkh Wkhru|B/ lq Ehzoh|/ W1 +hg1,/ Dgydqfhv lq Hfrqrphwulfv/ Iliwk Zruog Frqjuhvv/
5/ Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv/ 454047;1
Ghdwrq/ D1 +4<<4, Vdylqj dqg Oltxlglw| Frqwudlqwv/ Hfrqrphwulfd/ 8</ 45540457;1
444
Ghdwrq/ D1 +4<<5,/ Xqghuvwdqglqj Frqvxpswlrq/ Foduhqgrq Suhvv/ R{irug1
Gheuhx/ J1 +4<8<,/ Wkhru| ri Ydoxh= Dq D{lrpdwlf Dqdo|vlv ri Hfrqrplf Htxloleulxp/
Qhz \run/ Zloh|1
Grqnhuv/ E1 dqg ydq Vrhvw/ D1 +4<<<,/ Vxemhfwlyh Phdvxuhv ri Krxvhkrog Suhihuhqfhv
dqg Ilqdqfldo Ghflvlrqv/ Mrxuqdo ri Hfrqrplf Sv|fkrorj|/ 53/ 94609751
Grqnhuv/ E1/ Phohqehuj/ E1 dqg ydq Vrhvw/ D1 +4<<<,/ Hvwlpdwlqj Ulvn Dwwlwxghv
Xvlqj Orwwhulhv= D Odujh Vdpsoh Dssurdfk/ FhqwHU Glvfxvvlrq Sdshu/ q1 <<45/ Wloexuj
Xqlyhuvlw|1
Gxqq/ N1 dqg Vlqjohwrq/ N1 +4<;9,/ Prgholqj wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv
xqghu Qrq0vhsdudeoh Xwlolw| dqg Gxudelolw| ri Jrrgv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/
4:/ 5:0881
G|qdq/ N1 +5333,/ Kdelw Irupdwlrq lq Frqvxphu Suhihuhqfhv= Hylghqfh iurp Sdqho
Gdwd/ Dphulfdq Hfrqrplf Uhylhz/ <3 +6,/ 6<407391
Hgzdugv/ V1 +4<<8,/ Zk| duh Vdylqj Udwhv vr Glhuhqw Dfurvv FrxqwulhvB Dq Lqwhu0
qdwlrqdo Frpsdudwlyh Dqdo|vlv/ QEHU Zrunlqj Sdshu 83<:1
Hlfkhqedxp/ P1/ Kdqvhq/ O1 dqg Vlqjohwrqh/ N1 +4<;;,/ D Wlph Vhulhv Dqdo|vlv ri
Uhsuhvhqwdwlyh Djhqw Prghov ri Frqvxpswlrq dqg Ohlvxuh xqghu Xqfhuwdlqw|/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ 436/ 840:;1
Hsvwhlq/ O1 dqg ]lq/ V1 +4<;<,/ Vxevwlwxwlrq/ Ulvn Dyhuvlrq/ dqg wkh Whpsrudo Eh0
kdylru ri Frqvxpswlrq dqg Dvvhw Uhwxuqv= D Wkhruhwlfdo Iudphzrun/ Hfrqrphwulfd/
8:/ <6:0<9<1
Hsvwhlq/ O1 dqg ]lq/ V1 +4<<4,/ Vxevwlwxwlrq/ Ulvn Dyhuvlrq/ dqg wkh Whpsrudo Eh0
kdylru ri Frqvxpswlrq dqg Dvvhw Uhwxuqv= Dq Hpslulfdo Dqdo|vlv/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ <</ 59605;91
Ihuvrq/ Z1 dqg Frqvwdwlqlghv/ J1 +4<<4,/ Kdelw Shuvlvwhqfh dqg Gxudelolw| lq Djjuh0
jdwh Frqvxpswlrq= Hpslulfdo Whvwv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 5</ 4<<05731
Iodylq/ P1 +4<;4,/ Wkh Dgmxvwphqw ri Frqvxpswlrq wr Fkdqjlqj H{shfwdwlrqv derxw
Ixwxuh Lqfrph/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;</ <:70433<1
Iuhqfk/ N1 dqg Srwhued/ M1 +4<<3,/ Mdsdqhvh dqg XV Furvv0erughu Frpprq Vwrfn
Lqyhvwphqwv/ Mrxuqdo ri wkh Mdsdqhvh dqg Lqwhuqdwlrqdo Hfrqrplhv 7/ 7:907<61
Iuhqfk/ N1 dqg Srwhued/ M1 +4<<4,/ Lqyhvwru Glyhuvlfdwlrq dqg Lqwhuqdwlrqdo Htxlw|
Pdunhwv/ Dphulfdq Hfrqrplf Uhylhz ;4 / 55505591
Ixkuhu/ M1 +5333,/ Kdelw Irupdwlrq lq Frqfxpwslrq dqg Lwv Lpsolfdwlrqv iru Prqhwdu|0
Srolf| Prghov/ Dphulfdq Hfrqrplf Uhylhz/ <3 +6,/ 69:06<31
Jdol*/ M1 +4<<3,/ Exgjhw frqvwudlqwv dqg Wlph Vhulhv Hylghqfh rq Frqvxpswlrq/
445 Eleolrjudsk|
Dphulfdq Hfrqrplf Uhylhz/ ;4/ 456;045861
Jodvvpdq/ G1 dqg Ulgglfn/ O1 +5334,/ Zkdw Fdxvhv Krph Dvvhw Eldv dqg Krz Vkrxog
Lw Eh PhdvxuhgB/ Mrxuqdo ri Hpslulfdo Ilqdqfh ;/ 680871
Jroolhu/ F1 +5335,/ Wkh Hfrqrplfv ri Ulvn dqg Wlph/ PLW Suhvv/ iruwkfrplqj1
Jrxulqfkdv/ S1 dqg Sdunhu/ M1 +5334, Wkh Hpslulfdo Lpsruwdqfh ri Suhfdxwlrqdu|
Vdylqj/ Dphulfdq Hfrqrplf Uhylhz/ <4+5,/ 73907451
Jxduljold/ D1 dqg Urvvl/ P1 +5334,/ Frqvxpswlrq/ Kdelw Irupdwlrq dqg Suhfdxwlrq0
du| vdylqj= Hylghqfh iurp wkh Eulwlvk Krxvhkrog Sdqho Vxuyh|/ plphr1
Kdoldvvrv/ P1 dqg Kdvvdslv/ F1 +5333,/ Htxlw| Fxowxuh dqg Krxvhkrog Ehkdylru/
Plphr/ Xqlyhuvlw| ri F|suxv1
Kdoo/ U1 +4<;;,/ Lqwhuwhpsrudo Vxevwlwxwlrq lq Frqvxpswlrq/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ <9/ 66<068:1
Kdxvpdq/ M1 +4<:<,/ Lqglylgxdo Glvfrxqw Udwhv dqg wkh Sxufkdvh dqg Xwlol}dwlrq ri
Hqhuj|0xvlqj Gxudeohv/ Ehoo Mrxuqdo ri Hfrqrplfv/ 43/ 660871
Kdxvpdq/ M1 dqg Wd|oru/ Z1 +4<;4,/ Sdqho Gdwd dqg Xqrevhuydeoh Lqglylgxdo Hi0
ihfwv/ Hfrqrphwulfd/ 7</ 46::046<;1
Khdwrq/ M1 +4<<6,/ Wkh Lqwhudfwlrq Ehwzhhq Wlph0Qrqvhsdudeoh Suhihuhqfhv dqg
Wlph Djjuhjdwlrq/ Hfrqrphwulfd/ 94/ 6860;81
Khqghuvrq/ M1 dqg Txdqgw/ U1 +4<;3,/ Plfurhfrqrplf Wkhru|= D Pdwkhpdwlfdo Ds0
surdfk/ Qhz \run/ PfJudz0Kloo1
Krw}/ M1/ N|godqg/ I1 dqg Vhgodfhn/ J1 +4<;;,/ Lqwhuwhpsrudo Suhihuhqfhv dqg Oderu
Vxsso|/ Hfrqrphwulfd/ 89/ 66806931
Kxug/ P1 +4<<;, Dq Dqdo|vlv ri wkh Fkrlfh wr Fdvk Rxw Shqvlrq Uljkwv dw Mre
Fkdqjh ru Uhwluhphqw/ UDQG Glvfxvvlrq Sdshu1
Kxug/ P1 +4<<<, Dqfkrulqj dqg Dftxlhvfhqfh Eldv lq Phdvxulqj Dvvhwv lq Krxvhkrog
Vxuyh|v/ Mrxuqdo ri Ulvn dqg Xqfhuwdlqw|/ 4< +406,= 4444691
Mdfnpdq/ U1 dqg Vxwwrq/ M1 +4<;5,/ Lpshuihfw Fdslwdo Pdunhwv dqg wkh Prqhwdulvw
Eodfn Er{= Oltxlglw| Frqwudlqwv/ Lq dwlrq dqg wkh Dv|pphwulf Hhfwv ri Lqwhuhvw Udwh
Srolf|/ Wkh Hfrqrplf Mrxuqdo/ <5/ 43;045;1
Mhupdqq/ X1M1 +5335,/ Lqwhuqdwlrqdo Sruwirolr Glyhuvlfdwlrq dqg Hqgrjhqrxv Oderu
Vxsso| Fkrlfh/ Hxurshdq Hfrqrplf Uhylhz 79/ 83:08551
Ndkqhpdq/ G1/ Vorylf S1 dqg Wyhuvn|/ D1 +hgv1, +4<;5,/ Mxgjphqw Xqghu Xqfhuwdlqw|=
Khxulvwlfv dqg Eldvhv/ Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv1
Ndswh|q/ D1/ ydq gh Jhhu/ V1/ ydq gh Vwdgw/ K1 dqg Zdqvehhn/ W1 +4<<:,/ Lqwhugh0
shqghqw Suhihuhqfhv= Dq Hfrqrphwulf Dqdo|vlv/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 43/
446
99809;91
Nrruhpdq/ S1 +4<<8,/ Lqglylgxdo Glvfrxqwlqj dqg wkh Sxufkdvh ri Gxudeohv zlwk
Udqgrp Olihwlphv/ Hfrqrplfv Ohwwhuv/ 78/ 5<0651
Nxu}/ P1/ Vslhjhopdq/ U1 dqg Zhvw/ U1 +4<:6,/ Wkh H{shulphqwdo Krul}rq dqg wkh
Udwh ri Wlph Suhihuhqfh iru wkh Vhdwwoh dqg Ghqyhu Lqfrph Pdlqwhqdqfh H{shulphqwv=
D Suholplqdu| Vwxg|/ Phqor Sdun/ Fdoli1= VUL Lqwhuqdw1Uhv1 Phprudqgxp qr1541
N|godqg/ I1 dqg Suhvfrww/ H1 +4<;5,/ Wlph wr Exlog dqg Djjuhjdwh Ioxfwxdwlrqv/
Hfrqrphwulfd/ 83/ 4678046:31
Odlevrq/ G1 +4<<:,/ K|shuerolf Glvfrxqwlqj dqg Wlph Suhihuhqfh Khwhurjhqhlw|/
Kduydug Xqlyhuvlw|/ plphr1
Odzudqfh/ H1 +4<<4,/ Sryhuw| dqg wkh Udwh ri Wlph Suhihuhqfh= Hylghqfh iurp Sdqho
Gdwd/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <</ 870::1
Ooxfk/ F1 +4<:7,/ H{shqglwxuh/ Vdylqjv dqg Kdelw Irupdwlrq/ Lqwhuqdwlrqdo Hfr0
qrplf Uhylhz/ 48/ :;90:<:1
Orhzhqvwhlq/ J1 +4<;:, Dqwlflsdwlrq dqg wkh Ydoxdwlrq ri Ghod|hg Frqvxpswlrq/
Hfrqrplf Mrxuqdo/ <:/ 99909;71
Orhzhqvwhlq/ J1 dqg Wkdohu/ U1 +4<;<, / Dqrpdolhv lq Lqwhuwhpsrudo Fkrlfh/ Mrxuqdo
ri Hfrqrplf Shuvshfwlyhv/ 6/ 4;404<61
Oxfh/ U1 dqg Udld/ K1 +4<8:,/ Jdphv dqg Ghflvlrqv/ Qhz \run/ Zloh|1
Pduljhu/ U1 +4<;:,/ D Olih0F|foh Frqvxpswlrq Prgho zlwk Oltxlglw| Frqwudlqwv=
Wkhru| dqg Hpslulfdo Uhvxowv/ Hfrqrphwulfd/ 88 +6,/ 866088:1
Phjklu/ F1 dqg Zhehu/ J1 +4<<9,/ Lqwhuwhpsrudo Qrqvhsdudelolw| ru Eruurzlqj Uh0
vwulfwlrqvB D Glvdjjuhjdwh Dqdo|vlv xvlqj d X1V1 Frqvxpswlrq Sdqho/ Hfrqrphwulfd/ 97/
4484044;41
Phkud U1 dqg Suhvfrww/ H1 +4<;8,/ Wkh Htxlw| Suhplxp= D Sx}}oh/ Mrxuqdo ri
Prqhwdu| Hfrqrplfv/ 48/ 47804941
Pxhooedxhu/ M1 +4<;;,/ Kdelwv/ Udwlrqdolw| dqg P|rsld lq wkh Olih F|foh Frqvxpswlrq
Ixqfwlrq/ Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh/ </ 7:0:31
Pxoohu/ G1 +4<;<,/ Sxeolf Fkrlfh 5/ 5qg hg1 Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv1
Skolsv/ O1 +4<:5,/ D G|qdplf Yhuvlrq ri wkh Olqhdu H{shqglwxuh Prgho/ Uhylhz ri
Hfrqrplfv dqg Vwdwlvwlfv/ 87/ 783078;1
Skolsv/ O1 +4<:7,/ Dssolhg Frqvxpswlrq Dqdo|vlv/ Dpvwhugdp/ Qruwk0Kroodqg1
Sroodn/ U1 dqg Zdohv/ W1 +4<9<,/ Hvwlpdwlrq ri wkh Olqhdu H{shqglwxuh V|vwhp/
Hfrqrphwulfd/ 6:/ 944095;1
447 Eleolrjudsk|
Sroodn/ U1 +4<:3,/ Kdelw Irupdwlrq dqg G|qdplf Ghpdqg Ixqfwlrq/ Mrxuqdo ri
Srolwlfdo Hfrqrp|/ / 1
Sroodn/ U1 +4<:9,/ Kdelw Irupdwlrq dqg Orqj0Uxq Xwlolw| Ixqfwlrqv/ Mrxuqdo ri
Hfrqrplf Wkhru|/ / 1
Udld/ K1 +4<9;,/ Ghflvlrq Dqdo|vlv= Lqwurgxfwru| Ohfwxuhv rq Fkrlfhv Xqghu Xqfhu0
wdlqw|/ Uhdglqj/ PD/ Dgglvrq0Zhvoh|1
Vdpzlfn/ D1 +4<<;, Glvfrxqw Udwh Khwhurjhqhlw| dqg Vrfldo Vhfxulw| Uhirup/ Mrxu0
qdo ri Ghyhorsphqw Hfrqrplfv/ 8:+4,= 44:4791
Vhfnlq/ D1 +5333,/ Frqvxpswlrq zlwk Kdelw Irupdwlrq/ Fludqr Vflhqwlf Vhulhv/ 6<1
Vkdqh/ I1/ Orhzhqvwhlq/ J1 dqg R*Grqrjkxh/ W1 +5335,/ Wlph Glvfrxqwlqj= D Fulwlfdo
Uhylhz/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 73+5,/ 68407341
Vlprq/ K1 +4<88,/ D Ehkdylrudo Prgho ri Udwlrqdo Fkrlfh/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv/ 9</ <<044;1
Vslqqhzlmq/ I1 +4<;4,/ Udwlrqdo Kdelw Irupdwlrq/ Hxurshdq Hfrqrplf Uhylhz/ 48/
<4043<1
Whvdu/ O1 dqg Zhuqhu/ L1P1 +4<<5,/ Krph Eldv dqg wkh Joredol}dwlrq ri Vhfxulwlhv
Pdunhwv/ QEHU Zrunlqj Sdshu 754;1
Whvdu/ O1 dqg Zhuqhu/ L1P1 +4<<7,/ Lqwhuqdwlrqdo Htxlw| Wudqvdfwlrqv dqg XV Sruw0
irolr Fkrlfh/ lq Iudqnho/ M1D1 +hg1, Wkh Lqwhuqdwlrqdol}dwlrq ri Htxlw| Pdunhwv/ Xqly1 ri
Fklfdjr Suhvv/ Fklfdjr/ 4;8055:1
Whvdu/ O1 dqg Zhuqhu/ L1P1 +4<<8,/ Krph Eldv dqg Kljk Wxuq0ryhu/ Mrxuqdo ri
Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 47/ 79:07<51
Wkdohu/ U1 +4<;4, Vrph Hpslulfdo Hylghqfh rq G|qdplf Lqfrqvlvwhqf|/ Hfrqrplf
Ohwwhuv/ ;/ 534053:1
Wkdohu/ U1 dqg Vkhiulq/ K1 +4<;4,/ Dq Hfrqrplf Wkhru| ri Vhoi0Frqwuro/ Mrxuqdo ri
Srolwlfdo Hfrqrp| ;</ 6<507391
Wkrpdv/ Z1 dqgZdug/ Z1 +4<:<,/ Wlph Rulhqwdwlrq/ Rswlplvp dqg Txdvl0Hfrqrplf
Ehkdylru/ Zrunlqj Sdshu/ Vwdqirug Xqlyhuvlw|1
Yhuehhn/ P1 +5333,/ D Jxlgh wr Prghuq Hfrqrphwulfv/ Zloh| ) Vrq/ Qhz \run1
Ylvvlqj0Mrujhqvhq/ D1 +4<<<,/ Wrzdugv dqg H{sodqdwlrq ri Krxvhkrog Sruwirolr Fkrlfh
Khwhurjhqhlw|= Qrqqdqfldo Lqfrph dqg Sduwlflsdwlrq Frvw Vwuxfwxuhv/ plphr/ Xqlyhu0
vlw| ri Fklfdjr1
yrq Qhxpdqq/ M1 dqg Prujhqvwhuq/ R1 +4<86,/ Wkhru| ri Jdphv dqg Hfrqrplf Eh0
kdylru/ 6ug hg1 Sulqfhwrq/ QM/ Sulqfhwrq Xqlyhuvlw| Suhvv1
448
Zduqhu M1 dqg Sohwwhu/ V1 +5334, Wkh Shuvrqdo Glvfrxqw Udwh= Hylghqfh iurpPlolwdu|
Grzqvl}lqj Surjudpv/ Dphulfdq Hfrqrplf Uhylhz/ <4+4,= 66861
Zhlo/ S1 +4<;<,/ Wkh Htxlw| Suhplxp Sx}}oh dqg wkh Ulvn0Iuhh Udwh Sx}}oh/ Mrxuqdo
ri Prqhwdu| Hfrqrplfv/ 57/ 73407541
]hoghv/ V1 +4<;<,/ Frqvxpswlrq dqg Oltxlglw| Frqvwudlqwv= Dq Hpslulfdo Lqyhvwljd0
wlrq/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <:/ 63806791
449 Eleolrjudsk|
Dsshqgl{ D
Xwlolw| ixqfwlrqv zlwk kdelw
irupdwlrq
Zh uhsruw wkh ghulydwlrq ri wkh xwlolw| ixqfwlrqv iru erwk Iluvw rughu Pdunry kdelwv dqg
iru Prylqj Dyhudjh kdelwv1
D14 Iluvw rughu Pdunry kdelwv
Wklv lv wkh vlpsohvw fdvh1 Zh vshfli| }  dv d ixqfwlrq ri f U ¨ = Dq reylrxv vshflfdwlrq iru
wkh lqwudwhpsrudo xwlolw| ixqfwlrq zrxog wkhq eh yEf   }  = Ri frxuvh zh pd| zlvk wr
frqvlghu wudqvirupdwlrqv ri f  / h1j1 lwv orjdulwkp1 Ohw kE= eh d prqrwrqlfdoo| lqfuhdvlqj
ixqfwlrq/ wkhq d idluo| jhqhudo vshflfdwlrq iru wkh lqwudwhpsrudo xwlolw| ixqfwlrq zrxog
eh yEkEf    kE}  =
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  [  +D16,
zlwk [   ¶'·¸¹ºl»R·¸&¹9¼»½ ¨§ ©
D15 Prylqj Dyhudjh kdelwv
Lq wklv fdvh zh ohw kdelwv hyroyh dffruglqj wr kE}   ' kE} &U ¨  n E  kEf &U ¨ >zlwk
f ?  ? = Lq frqwudvw wr wkh suhylrxv fdvh/ kdelwv qrz kdyh dq lqqlwh phpru|1 Zh fdq
uhzulwh wkh vshflfdwlrq iru kdelwv dv E  OkE}   ' E  kEf  / zkhuh O lv wkh odj
rshudwru1 Zh fdq wkhq uhzulwh wkh h{suhvvlrq iru }  dv=
kE}   '   
  OkEf U ¨  +D17,
Lq d pruh fxpehuvrph qrwdwlrq wklv fdq dovr eh zulwwhq dv=








kEf   +D18,
zkhuh
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 +D19,
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fdq xvh wklv wr uhzulwh +D1:,=
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D151 Prylqj Dyhudjh kdelwv 44<
Qrz frqvlghu
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zlwk l mU´ ghqhg dv iroorzv=
l mU´  Eo    *?E n  n E  E*? f    *? }   +D144,
Xsrq xvlqj +D1<, wklv fdq eh zulwwhq dv
l mU´ ' E  odE  E   *?D   *?E n o +D145,
 mU´ E  d*? } µ n *?D 
    *? f
 ´ o
nE  dE   *? f  ´ n  *?D 
   o>  A o
' E  d*? f  ´   *? } µ o>  ' o +D146,
453 DXwlolw| ixqfwlrqv zlwk kdelw irupdwlrq
Ohw xv ghqh
   E  E   *?D   *?E n  +D147,
\   E  d*? } µ n *?D 
    *? f
 ´ o +D148,
s   E  dE   *? f  ´ n  *?D 
   o +D149,
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Wkh LHV iru wkh prgho zlwk kdelw
irupdwlrq1
Ehorz zh ghulyh wkh LHV iru wkh prgho zlwk prylqj dyhudjh kdelw irupdwlrq1 Wklv dovr
fryhuv wkh DU0fdvh/ dv wkh DU0fdvh lv d vshfldo fdvh ri PD/ rewdlqhg e| vhwwlqj  ' f1
Rxu ghulydwlrq forvho| iroorzv Fduuroo +5333,/ zklfk surylghv d ghulydwlrq ri wkh Hxohu
htxdwlrq zlwk d voljkwo| glhuhqw vshflfdwlrq ri kdelw irupdwlrq1 Iru wkh sxusrvh ri wkh
ghulydwlrq zh vlpsoli| wkh qrwdwlrq vrphzkdw e| rplwwlqj wkh vxshuvfulsw l1 Iru d vwduw/
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x ¾ ' E f
}   U
¤ f
}  §'¨ +E17,
Wkh Ehoopdq htxdwlrq iru wkh sureohp ri pd{lpl}lqj wkh dgglwlyh lqwhuwhpsrudo xwlolw|
ixqfwlrq lv=
y  E{  > }   ' 4@ ¿ xEf  > }   n  n  y  §'¨ E{  §'¨ > }  §'¨  +E18,
vxemhfw wr
{  §'¨ ' UE{   f   n |  +E19,
454
455 EWkh LHV iru wkh prgho zlwk kdelw irupdwlrq1
*? }  §'¨ ' *? }  n E  d*? f   *? }  o +E1:,
zkhuh U lv rqh soxv wkh lqwhuhvw udwh/ {  lv fdvk rq kdqg/ |  lv lqfrph lq shulrg w1 Wkh




dE  y ¾ §'¨ }  §'¨




dUy À §'¨  E  y ¾ §'¨ }  §Á¨
f  o +E1<,
Qh{w/ h{sorlw wkh hqyhorsh wkhruhp wr rewdlq











y À §'¨ +E143,
Frpelqlqj wklv zlwk +E1<, |lhogv
y À ' x  n   
 n 
}  §'¨
f  y ¾ §'¨ +E144,
Vlploduo|/








C{  ' x ¾ n

 n 
y ¾ §'¨ C}  §'¨
C}  ' x ¾ n

 n 
y ¾ §Á¨ }  §'¨
}  +E145,
Wklv lpsolhv
y ¾ §'¨ ' x ¾ §'¨ n 
 n 
y ¾ § ­ } 
§ ­
}  §'¨ +E146,
Vxevwlwxwlqj wkh h{suhvvlrq iru y ¾ §'¨ lq +E144, |lhogv
x
 ' y À    
 n 
}  §'¨
f  x ¾ §'¨ 
E  
E n  ­
}  § ­
f  y ¾ § ­ +E147,
+E144, lpsolhv
y À §'¨ ' x  §'¨ n   
 n 
}  § ­
f  §'¨ y ¾ § ­ ', +E148,
  
 n 
}  § ­ y ¾ § ­ ' f  §Á¨ y À §Á¨  f  §'¨ x  §'¨ +E149,
Vxevwlwxwlqj wklv lq +E147, |lhogv
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x
 ' y À    
 n 
}  §Á¨




f  dy À §'¨  x  §'¨ o
' y À  
 n 
f  §'¨
f  y À §'¨ 

 n 
dE  }  §Á¨
f  x ¾ §'¨  
f  §'¨
f  x  §'¨ o
' y À  
U
f  §'¨
f  y À 

 n 
dE  }  §'¨
f  x ¾ §'¨  
f  §'¨
f  x  §'¨ o
' d  
U
f  §'¨
f  oy À 

 n 
dE  }  §'¨
f  x ¾ §'¨  
f  §'¨
f  x  §'¨ o +E14:,
+E14:, lpsolhv
x
 §'¨ ' d  
U
f  § ­
f  §'¨ oy À §'¨ 

 n 
dE  }  § ­
f  §'¨ x ¾ § ­  
f  § ­
f  §'¨ x  § ­ o +E14;,
Vr wkdw
y À §'¨ ' d  
U
f  § ­
f  §'¨ o U
¨  
 n 
dE  }  § ­
f  §'¨ x ¾ § ­  
f  § ­




E    
Â  ¿BÃ ¸ ¿
 
Â  ¿BÃ_Ä ¿BÃ ¸ +E153,
Frpelqlqj +E14<, zlwk +E14:, dqg +E143, |lhogv
x
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dE  }  §'¨
f  x ¾ §Á¨  
f  §'¨
f  x  §'¨ o
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dE  }  §'¨
f  x ¾ §'¨  
f  §'¨
f  x  §'¨ o +E154,
zklfk lv wkh Hxohu htxdwlrq iru frqvxpswlrq1
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f  § ­
}  § ­
 ¨ U ¤
dE  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iE   n j +E155,
457 EWkh LHV iru wkh prgho zlwk kdelw irupdwlrq1
Lq sulqflsoh htxdwlrq +E155, fdq eh xvhg wr ghulyh wkh LHV iru dq| jlyhq frqvxpswlrq
klvwru|1 Vxfk d ghulydwlrq ohdgv wr udwkhu phvv| irupxodv1 Lw lv wkhuhiruh suredeo| ri
pruh lqwhuhvw wr qg wkh LHV iru d vwhdg| vwdwh frqvxpswlrq sdwk1
Ohw xv dvvxph wkhuhiruh wkdw frqvxpswlrq jurzv dw d frqvwdqw udwh / l1h1
*? f  §Á¨  *? f  ' *?  +E156,
dqg vlploduo| iru wkh vwrfn ri kdelwv1 Htxdwlrq +E15, wkhq lpsolhv wkdw
*?  ' E  E*? f   *? }   ', +E157,
vr wkdw
f 
}  ' 
¸¸&¹9Å dqg f 
}  ' f
¨ U5  º¸&¹9Å +E158,
Wkh odvw h{suhvvlrq kdv d vwudljkwiruzdug lqwhusuhwdwlrq1 Iru h{dpsoh/ li  ' / xwlolw|
rqo| ghshqgv rq wkh jurzwk udwh ri frqvxpswlrq/ exw qrw rq frqvxpswlrq lwvhoi1 Li 
dssurdfkhv f xwlolw| rqo| ghshqgv rq wkh ohyho ri frqvxpswlrq1 Li  lv qrw htxdo wr f wkh
sdudphwhu  ghwhuplqhv krz vwurqjo| frqvxpswlrq jurzwk dhfwv xwlolw|1 Li  whqgv wr 
+l1h1/ zkhq wkh kdelw irupdwlrq surfhvv kdv d orqj phpru| dqg odvw shulrg*v frqvxpswlrq
kdv d vpdoo hhfw rq wkh vwrfn ri kdelwv,/ xwlolw| dw d jlyhq udwh ri jurzwk lv kljkhu wkdq
lq wkh fdvh zkhuh  whqgv wr f1 Wkh uhdvrq iru wklv lv vlpso| wkdw dw d jlyhq udwh ri
jurzwk wkh udwlr ehwzhhq fxuuhqw frqvxpswlrq dqg wkh vwrfn ri kdelwv lv eljjhu zlwk d
orqj phpru| wkdq zlwk d vkruw phpru|1
Wkh dvvxpswlrq ri d vwhdg| vwdwh frqvxpswlrq jurzwk vlpsolhv +E155, frqvlghudeo|1
Wkh yduldeoh E  uhgxfhv wr 1 Ixuwkhupruh/ ghqh wkh sdudphwhu "   ¸¸¹9Å / vr wkdw
f 
}  ' f
¨ U "  +E159,
Wkhq zh fdq zulwh +E155, dv
df
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dEno
+E15;,
Ghqh % E   n  dqg
  
« ¨ U¬&« ¨ U ¤ ¬
 n 
+E15<,
Wkhq +E15;, fdq eh zulwwhq dv=
 ' U

% ­   n % ', +E163,
U% ­  dU n %o n 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Glw surhivfkuliw ehkdqghow lqglylgxhoh qdqflîoh ehvoxlwyruplqj1 Ehvoxlwyruplqj ehwuhiw
khw surfhv zddulq hhq jhsuhihuhhugh rswlh xlw hhq vhw ydq dowhuqdwlhyhq zrugw jhnr}hq1 Khw
ehjlqw yddn phw khw yhu}dphohq ydq lqirupdwlh hq zrugw jhyrojg grru hhq dizhjlqjvsurfhv/
wrw xlwhlqgholmn jhnr}hq zrugw1 Khw ehvwxghuhq ydq ehvoxlwyruplqj lv lqwhuglvflsolqdlu
ydq ddug hq rpydw hfrqrplh/ srolwlhnh zhwhqvfkds/ vrflrorjlh/ sv|fkrorjlh/ vwdwlvwlhn hq
orvrh1
Lqglylgxhho jhgudj zrugw ydq rxgvkhu lq gh hfrqrplvfkh zhwhqvfkds ehvwxghhug phw
ehkxos ydq khw udwlrqhoh0nhx}hprgho/ zddulq ddqjhqrphq zrugw gdw lqglylgxhq hhq
ehsddogh grhovwhoolqjvixqfwlh pd{lpdolvhuhq rqghu gh yrruzddughq zdduphh }lm lq kxq
vwuhyhq qddu khw yhujurwhq ydq kxq hljhqehodqj zrughq jhfrqiurqwhhug1 Glw rqghuzhus lv
wrw rqwzlnnholqj jhnrphq lq gh nhx}hwkhrulh +Oxfh hq Udld/ 4<8:,/ nhx}h0dqdo|vh +Udld/
4<9;,/ vshowkhrulh +Yrq Qhxpdqq hqPrujhqvwhuq/ 4<86,/ srolwlhnh wkhrulh +Pxhoohu/ 4<;<,/
sv|fkrorjlh +Ndkqhpdq/ Vorylf hq Wyhuvn|/ 4<;5, hq hfrqrplh +Gheuhx/ 4<8<> Khqghu0
vrq hq Txdqgw/ 4<;3,1 Lq hfrqrplvfkh dqdo|vhv zrugw khw qxwvehjuls w|slvfk ehqdghug
grru hhq zlvnxqgljh zhhujdyh ydq gh suhihuhqwlhv glh hhq lqglylgx khhiw ryhu dowhuqdwlhyh
sdnnhwwhq frqvxpswlhjrhghuhq/ ri/ phhu lq khw dojhphhq/ ryhu jrhghuhq/ glhqvwhq hq yulmh
wlmg1 Khw frqfhsw ydq udwlrqhho jhgudj khhiw dov yrrughho gdw khw gh dqdo|vh ydq lqglylgxhho
jhgudj hhqyrxgljhu pddnw gdq hhq plqghu jhvwuxfwxuhhugh ddqqdph }rx wrhodwhq/ hq ndq
rs wzhh pdqlhuhq zrughq jhòqwhusuhwhhug1 Whq hhuvwh ndq }r rswlpddo hfrqrplvfk jhgudj
rs hhq qrupdwlhyh pdqlhu zrughq dijhohlg1 Whq wzhhgh nxqqhq prghoohq ydq udwlrqhho
jhgudj zrughq jheuxlnw rp ihlwholmn hq zddujhqrphq jhgudj wh yhunoduhq1 Gh wkhrulh ydq
vxemhfwlhi yhuzdfkw qxw +Vdydjh/ 4<87, lv khw fhqwudoh hohphqw ydq gh qhrnodvvlhnh wkhrulh
ydq udwlrqhho hfrqrplvfk jhgudj hq lv gdduphh khw ehodqjulmnvwh yrruehhog ydq hhq wkhrulh
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ryhu udwlrqhho jhgudj1 Gh edvlvddqqdphv }lmq gdw nhx}hv zrughq jhpddnw xlw hhq jhjhyhq/
ydvwh vhw ydq dowhuqdwlhyhq/ phw +vxemhfwlhi, ehnhqgh ndqvyhugholqjhq ydq gh xlwnrpvwhq
ydq hon dowhuqdwlhi hq }rgdqlj gdw gh yhuzdfkwh zddugh ydq hhq jhjhyhq qxwvixqfwlh zrugw
jhpd{lpdolvhhug1
Krhzho gh}h ddqqdphv yrru yhho grhohlqghq jhvfklnw }lmq/ }rxghq }h hpslulvfk qlhw
nxqqhq ddqvoxlwhq elm yhho hfrqrplvfkh nhx}hvlwxdwlhv1 Hhq wrhqhphqg ddqwdo hfrqrphq
zrugw }lfk ehzxvw ydq khw ihlw gdw }h/ rp kxq prghoohq uhohydqwhu hq uhdolvwlvfkhu wh
pdnhq/ uhnhqlqj prhwhq krxghq phw +ryhujhqrphq, lq}lfkwhq hq phwkrgrorjlhîq xlw yhu0
vfkloohqgh zhwhqvfkdsvjhelhghq/ wh zhwhq sv|fkrorjlh hq dqghuh vrfldoh zhwhqvfkdsshq1
Glw lv khw rqghuzhus ydq gh wkhrulh ydq ehjuhqvgh udwlrqdolwhlw hq khw rqghu}rhnvjh0
elhg ydq ehkdylrudo hfrqrplfv1 Gh whup ehjuhqvgh udwlrqdolwhlw +Vlprq/ 4<<8, zrugw
jheuxlnw whu ddqgxlglqj ydq prghoohq glh gh frjqlwlhyh ehshunlqjhq ydq }rzho nhqqlv dov
frjqlwlhyh fdsdflwhlw lq ddqphunlqj qhphq1 Ehjuhqvgh udwlrqdolwhlw lv hhq fhqwuddo wkhpd
lq ehkdylrudo hfrqrplfv1 Khw zlmnw di ydq ììq ri phhu ydq gh qhrnodvvlhnh ddqqdphv glh
ddq gh wkhrulh ydq udwlrqhho jhgudj whq jurqgvodj oljjhq/ gdw zlo }hjjhq/ wkhrulhîq ryhu
ehjuhqvgh udwlrqdolwhlw }zdnnhq ììq ri phhughuh ddqqdphv ydq gh vwdqgddug yhuzdfkwh
qxwvwkhrulh di1 Ehkdylrudo hfrqrplfv lv gh wrhsdvvlqj ydq sv|fkrorjlvfkh wkhrulh hq
rqghu}rhn rs hfrqrplh1 Khw rqghu}rhnw zdw jhehxuw lq pdunwhq zddulq vrppljh lqgl0
ylgxhq phqvholmnh ehshunlqjhq hq frpsolfdwlhv yhuwrqhq1 Rqghu}rhn lq ehkdylrudo hfr0
qrplfv khhiw vshflhnh phwkrgrorjlvfkh ehqdghulqjhq ryhujhqrphq glh gh wudglwlrqhoh
vwdwlvwlvfkh hq hfrqrphwulvfkh wrhwvhq ydq hfrqrplvfkh prghoohq ddqyxoohq1 Lq ehkdy0
lrudo hfrqrplfv lv khw elmyrruehhog jdqjeddu rp jheuxln wh pdnhq ydq h{shulphqwhq/
hq hqtxíwhjhjhyhqv zrughq rrn vwhhgv ehodqjulmnhu elm khw yhujurwhq ydq lq}lfkw lq khw
ihlwholmnh ehvoxlwyruplqjvsurfhv ydq lqglylgxhq1
]rdov uhhgv yhuphog/ ulfkw glw surhivfkuliw }lfk rs gh hpslulvfkh ehvwxghulqj ydq qdq0
flîoh ehvoxlwyruplqj rs lqglylgxhho qlyhdx1 Gh dqdo|vh ydq ehjulsshq dov ulvlfrkrxglqj/
lqwhuwhpsruhoh nhx}h/ wlmgvyrrunhxu hq jhzrrqwhyruplqj zrugw yrojhqv hhq srvlwlhyh eh0
qdghulqjvzlm}h xlwjhyrhug/ jhedvhhug rs hpslulvfkh zdduqhplqj hq rs h{shulphqwhoh vwxg0
lhv ydq nhx}hjhgudj1 Gh vfkdwwlqj ydq +vrppljh, sdudphwhuv ehwuhhqgh gh suhihuhqwlhv
yhuvfkdiw h{wud ehylqglqjhq ddq hhq xlwjheuhlgh olwhudwxxu zddu qrj vwhhgv uxlpwh lv yrru
glvfxvvlh ryhu gh yuddj krh lqglylgxhq lq zhunholmnkhlg nhx}hv pdnhq1 Khw surhivfkuliw
ehvwddw xlw ylhu krrigvwxnnhq glh rqdikdqnholmn ydq honddu nxqqhq zrughq jhoh}hq1 Khw
vwduwsxqw ydq dooh krrigvwxnnhq lv khw vwdqgddug udwlrqhoh0nhx}hprgho1 Lqglylgxhq zru0
ghq yhurqghuvwhog hhq ehsddogh suhihuhqwlhrughqlqj wh kheehq whq ddq}lhq ydq ulvlfryrooh
yrruxlw}lfkwhq zdduyrru hhq ddqwdo d{lrpd*v jhogw1 Ulvlfryrooh dowhuqdwlhyhq nxqqhq zru0
466
ghq ehrrughhog rqghu gh}h ddqqdphv grru plggho ydq gh yhuzdfkwh0qxwvixqfwlh1 Gh nurp0
plqj ydq gh qxwvixqfwlh lv hhq pddwvwdi yrru ulvlfrdyhuvlh1 ]rdov jhzrrqolmn lq gh olwhu0
dwxxu ryhu ulvlfrdyhuvlh/ jhhiw glw surhivfkuliw ehzlmv ydq khw ehvwddq ydq ulvlfrdyhuvlh ddq
gh kdqg ydq lqirupdwlh yhunuhjhq xlw hhq hqtxíwh zdduelm phqvhq jhyuddjg zhug krh }h
}rxghq nlh}hq xlw yhuvfkloohqgh ulvlfryrooh yrruxlw}lfkwhq1 Ulvlfrkrxglqj lv jhuhodwhhug ddq
lqglylgxhoh ndudnwhuhljhqvfkdsshq/ qdpholmn ohhiwlmg/ jhvodfkw hq rsohlglqjvqlyhdx1 Gddu0
qddvw zrughq pddwvwdyhq ydq ulvlfrkrxglqj jhòqfrusruhhug lq hhq sruwhihxlooh0doorfdwlh
prgho/ gdw/ uhnhqlqj krxghqg phw lqfrpsohwh sruwhihxloohv/ sruwhihxloohehvwdqgghohq yhun0
odduw1
Glw surhivfkuliw lv jurwhqghhov jhzlmg ddq khw yhuvfkdhq ydq dgglwlrqhho hpslulvfk eh0
zlmv ryhu khw lqwhuwhpsruhoh yhuglvfrqwhulqjvsurfhv1 Ryhu khw dojhphhq kheehq }rzho lq
gh sv|fkrorjlh dov hfrqrplh gh phhvwh hpslulvfkh ehylqglqjhq jhohlg wrw gh frqfoxvlh gdw
zddugh hq wlmg hhq qhjdwlhyh fruuhodwlh yhuwrqhq/ }rgdw gh zddugh ydq hhq ehsddog jrhg
zrugw yhuglvfrqwhhug dov hhq ixqfwlh ydq khw wlmgvwls zddurs khw }do zrughq rqwydqjhq1
Hu }lmq yhho ddqzlm}lqjhq gdw gh frqyhqwlrqhoh lqwhuwhpsruhoh dgglwlhyh qxwvirupxohulqj
phw h{srqhqwlîoh yhuglvfrqwhulqj hhq rqwrhuhlnhqgh prghoohulqj ydq g|qdplvfkh nhx}h lv/
}rgdw dowhuqdwlhyh irupxohulqjhq }lmq rqwzlnnhog1 Wzhh ehodqjulmnh vwurplqjhq }lmq gh
}rjhqddpgh yhudqghuhqgh0yrrunhxuprghoohq hq }hoiehkhhuvlqjprghoohq1 Yhudqghuhqgh0
yrrunhxuprghoohq yhunoduhq khw ihlw gdw suhihuhqwlhv ryhu gh wlmg yhudqghuhq }rgdw hhq
frqvxphqw/ qd yhuorrs ydq wlmg/ }lmq frqvxpswlhsodqqhq }rx nxqqhq khu}lhq1 ]hoiehkhhuv0
lqj lv rqghu}rfkw phw ehkxos ydq prghoohq zddulq khw lqglylgx zrugw jh}lhq dov hhq ru0
jdqlvdwlh/ }rgdw khw sureohhp ydq }hoiehkhhuvlqj lq ihlwh qhhunrpw rs khw sulqflsddo0djhqw
frq lfw wxvvhq hljhqddu hq pdqdjhu ydq hhq ehgulmi1 Khw lv gddurp qlhw yhued}lqjzhnnhqg
gdw khw jurrwvwh ghho ydq khw rqghu}rhn rs glw whuuhlq jhedvhhug lv rs hhq vshowkhruhwlv0
fkh dqdo|vh1 Lq gh olwhudwxxu }lmq wzhh yhuvfkloohqgh hpslulvfkh ehqdghulqjhq rqwzlnnhog
rp lqglylgxhoh suhihuhqwlhsdudphwhuv wh vfkdwwhq= gh uhyhdohg suhihuhqfh0ehqdghulqj hq
zdw zh gh h{shulphqwhoh ehqdghulqj }xoohq qrhphq1 Gh hhuvwh phwkrgh ehvwddw xlw khw
pdnhq ydq hhq ddqwdo ddqqdphv ryhu gh zhunholmnh yrrunhxuhq ydq hhq lqglylgx/ khw ihlw0
holmnh jhgudj revhuyhuhq hq gdduxlw gh suhihuhqwlhsdudphwhuv kdohq1 Gh h{shulphqwhoh
phwkrgh ehvwddw xlw khw yrruohjjhq ddq jhîqtxíwhhughq ydq gluhfwh nhx}hprjholmnkhghq
glh uhîoh ri k|srwkhwlvfkh ehwdolqjhq lqkrxghq1 Khw yrrughho ydq h{shulphqwhq lv gdw phq
qlhw gh khoh rpjhylqj zddulq lqglylgxhq rshuhuhq +lq khw elm}rqghu ehshunlqjhq hq rq}hn0
hukhlg, krhiw wh prghoohuhq/ pddu }hoi vfhqdulr*v yroohglj ndq vshflfhuhq1 Phq ndq }lfk
qdwxxuolmn diyudjhq krh vhulhxv jhîqtxíwhhughq surehuhq hhq hhuolmn dqwzrrug wh jhyhq/
yrrudo rs yudjhq glh jhhq jhyrojhq yrru khq}hoi kheehq +k|srwkhwlvfkh ehwdolqjhq,1
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Glw surhivfkuliw ulfkw }lfk rrn rs jhzrrqwhyruplqj/ khwjhhq lqkrxgw gdw khw kxlgljh
qxwvqlyhdx ydq frqvxphqwhq rqghu dqghuh dikdqjw ydq kxlgljh frqvxpswlh whq rs}lfkwh
ydq hhq }hnhuh jhzhqqlqj glh khw jhyroj lv ydq frqvxpswlh lq khw yhuohghq1 Glw lv uh0
fhqwholmn jheuxlnw rp yrruvshoolqjhq ydq wlmgvhsdudehoh prghoohq rs yhuvfkloohq whuuhlqhq/
}rdov vsddujhgudj rqghu rq}hnhukhlg/ wh yhuehwhuhq1 Jhzrrqwhv }lmq yrrudo euxlneddu
jheohnhq rs gulh jhelhghq ydq gh pdfur0hfrqrplvfkh wkhrulh1 Whq hhuvwh kheehq vrp0
pljh dxwhxuv glyhuvh irupxohulqjhq ydq jhzrrqwhyruplqj ehvwxghhug glh rq}h nhqqlv ryhu
gh htxlw| suhplxp sx}}oh nxqqhq yhujurwhq1 Deho +4<<3, hq Frqvwdqwlqlghv +4<<3,
kheehq/ qddvw dqghuhq/ ddqjhwrrqg gdw khw ehwuhnnhq ydq jhzrrqwhyruplqj elm khw vwdq0
gddug uxloprgho ydq hhq hfrqrplh gh htxlw| suhplxp sx}}oh grhw yhugzlmqhq +Phkud
hq Suhvfrww/ 4<;8,1 Whq wzhhgh lv yrrujhvwhog gh}h uhihuhqwlhv wh jheuxlnhq yrru khw dqdo|0
vhuhq ydq khw zddujhqrphq yhuedqg wxvvhq ehvsdulqjhq hq jurhl1 Hpslulvfkh ehylqglqjhq
vxjjhuhuhq gdw }rzho elm odqghq dov elm kxlvkrxghqv lqnrphqvjurhl hhq vljqlfdqw srvlwlhi
hhfw khhiw rs gh vsddutxrwh +Hgzdugv/ 4<<8> Fduuroo hq Zhlo/ 4<<7,1 Fduuroo/ Ryhuodqg
hq Zhlo +5333, sdvvhq khw vwdqgddug DN 0prgho ddq rp jhzrrqwhyruplqj wh odwhq }lhq
hq wrqhq ddq gdw xlw glw prgho hhq srvlwlhyh uhdfwlh ydq gh vsddutxrwh rs gh jurhl ydq
khw lqnrphq uhvxowhhuw1 Whq ghugh nxqqhq jhzrrqwhv qrrg}dnholmn }lmq elm gh yhunodulqj
ydq khw }hhu iuhtxhqwh ryhupdwljh vprrwklqj ydq jhdjjuhjhhugh frqvxpswlh1 Ixkuhu
+5333, lv lq vwddw odqj}dph hq kxps0vkdshg uhdfwlhv ydq frqvxpswlh rs prqhwdluh
hq dqghuh vfkrnnhq lq hhq wkhruhwlvfk prgho ddq wh wrqhq grru jhzrrqwhyruplqj lq gh
frqvxpswlhixqfwlh lq wh erxzhq1 Lqglhq khw qxw ydq frqvxpswlh qlhw doohhq dikdqjw ydq
khw frqvxpswlhqlyhdx pddu rrn ydq gh yhudqghulqj ydq frqvxpswlh wxvvhq gh kxlgljh
hq gh oddwvwh shulrgh/ gdq }do hhq lqnrphqvvfkrn ohlghq wrw hhq yhuwuddjgh uhdfwlh ydq
frqvxpswlh1 Gh uhghqhulqj klhudfkwhu khhiw wh pdnhq phw dqwlflsdwlh ydq kxlvkrxghqv
rs khw +qhjdwlhyh, hhfw ydq kxlgljh frqvxpswlh rs khw wrhnrpvwljh pdujlqdoh qxw ydq
frqvxpswlh1 Glw lpsolfhhuw hhq jhohlgholmnh uhdfwlh ydq frqvxpswlh rs hhq lqnrphqvvfkrn/
fruuhvsrqghuhqg phw gh kxps0vkdshg uhdfwlh glh lq gh gdwd zrugw jhyrqghq1
Lq krrigvwxn 5 zrughq glvfrqwhulqjvyrhwhq/ lqwhuwhpsruhoh vxevwlwxwlh0hodvwlflwhlwhq hq
jhzrrqwh0shuvlvwhqwlhsdudphwhuv jhvfkdw xlw gdwd glh yrojhq xlw hhq hqtxíwh ydq khw Fhq0
wHU Vdylqjv Vxuyh| +FVV, zdduelm phqvhq jhyuddjg zhug wh nlh}hq wxvvhq k|srwkhwlvfkh
frqvxpswlhvwurphq1 Khw FVV/ yrrukhhq ehnhqg dov khw YVE sdqho/ lv hhq sdqho vxuyh| gdw
vwduwwh lq 4<<6 hq hon mddu jhkrxghq zhug1 Wrw 4<<: ehvwrqg khw FVV xlw wzhh hqtxíwhv1
Gh hhuvwh hqtxíwh +UHS, prhvw uhsuhvhqwdwlhi }lmq yrru gh Qhghuodqgvh ehyronlqj/ }hoiv
dov gh ihlwholmnh UHS hqtxíwhv qlhw jhkhho uhsuhvhqwdwlhi }lmq ydqzhjh qrq0uhvsrqv> khw
ehvwddw xlw rqjhyhhu 5333 kxlvkrxghqv lq honh urqgh/ lqfoxvlhi qlhxzh hqtxíwhv glh sdq0
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hoxlwydo frpshqvhuhq1 Gh wzhhgh hqtxíwh +KLS, yhuwhjhqzrrugljgh khw krrjvwh ghflho ydq
gh lqnrphqvyhugholqj hq ehydwwh ddqydqnholmn }r*q <33 kxlvkrxghqv1 Gh phhvwh uhvsrq0
ghqwhq ydq gh wzhhgh hqtxíwh vwrswhq lq 4<<;/ }rgdw khw FVV vlqgv gdw mddu doohhq khw UHS
rpydwwh1 Gh FhqwHU Vdylqjv Vxuyh| ehvwddw xlw ylmi yudjhqolmvwhq= zhun hq shqvlrhqhq/
kxlvyhvwlqj hq k|srwkhnhq/ lqnrphq hq jh}rqgkhlg/ eh}lwwlqjhq hq vfkxoghq/ hfrqrplvfkh
hq sv|fkrorjlvfkh dvshfwhq1 Gh yudjhqolmvwhq zhughq shu prghp qddu gh ghhoqhphuv jhv0
wxxug/ }lm yxoghq gh}h rs kxq frpsxwhu lq hq gh dqwzrrughq zhughq rs gh}hoigh pdqlhu
whuxjjhvwxxug1 Glw ehwhnhqw gdw gh yudjhqolmvwhq zhughq ehdqwzrrug }rqghu wxvvhqnrpvw
ydq hhq hqtxíwhxu hq gdw gh ghhoqhphuv gh yudjhq nrqghq ehdqwzrrughq rs hhq yrru
khq jhohjhq prphqw1 Jh}lhq rq}h grhovwhoolqj ulfkwhq zh rqv yrruqdpholmn rs gh hqtxíwh
ehwuhhqgh eh}lwwlqjhq hq vfkxoghq hq hfrqrplvfkh hq sv|fkrorjlvfkh dvshfwhq1 Gh hhuvwh
yhuvfkdiw jhghwdloohhugh lqirupdwlh ryhu yhhuwlj dfwlyd hq vfkxogfdwhjrulhîq/ }rzho qdq0
flhho dov uhîho1 Gh hqtxíwh ryhu hfrqrplvfkh hq sv|fkrorjlvfkh dvshfwhq ehkhovw hhq }hhu
rpydqjulmnh vhw yudjhq ryhu yhuvfkloohqgh rqghuzhushq/ }rdov rqghu dqghuh shuvrrqolmnh
ndudnwhulvwlhnhq/ kxlvkrxglqnrphq/ yhuzdfkwlqjhq ryhu wrhnrpvwlj lqnrphq/ gh rsydw0
wlqj ryhu vsduhq hq vsddujhgudj/ ulvlfrshufhswlh hq ulvlfr0dyhuvlh/ yhuzdfkwlqjhq ryhu gh
wrhnrpvw hq yhujholmnlqj phw gh kxlgljh vlwxdwlh/ sodqqlqj ydq qdqflîoh }dnhq1
Glw krrigvwxn ehkrruw wrw hhq jurhlhqgh olwhudwxxu ryhu khw jheuxln ydq k|srwkhwlvfkh
yudjhq lq hqtxíwhv ehgrhog rp sdudphwhuv wh vfkdwwhq glh yddn prhlolmn xlw uhyhdohg
suhihuhqfh gdwd wh kdohq }lmq1 Gh phhvw yhuzdqwh sdshu elqqhq gh}h olwhudwxxu lv Eduvn|/
Mxvwhu/ Nlpedoo hq Vkdslur*v sdshu +TMH/ 4<<:,/ zddulq gh}hoigh yuddj ddq gh rugh nrpw/
glh rs hqljv}lqv dqghuh zlm}h ehqdghug zrugw/ jheuxln pdnhqg ydq Dphulnddqvh gdwd xlw
gh Khdowk dqg Uhwluhphqw Vxuyh|1 Gh jhyrojgh surfhgxuh lq khw krrigvwxn ehvwddw xlw
khw sdudphwhulvhuhq ydq khw ohyhqvqxw ydq hon yhuorrs zdduphh gh jhîqtxíwhhugh zrugw
jhfrqiurqwhhug dov hhq ixqfwlh ydq khw qlyhdx hq gh jurhl ydq frqvxpswlh ryhu gh mduhq
+glh ehlgh dvhohfw yrru hon sdg hq yrru honh ghhoqhphu ehsddog zrughq,/ dovrrn ydq gh
sdudphwhuv glh gh vxemhfwlhyh glvfrqwhulqjvyrhw yrruvwhoohq/ gh ulvlfr0dyhuvlh frî!flîqw
hq/ lq hhq odwhu ghho ydq khw krrigvwxn/ gh pdwh ydq jhzrrqwhshuvlvwhqwlh1 Yhuyrojhqv
zrughq ddq gh kdqg ydq hhq orjlw ehqdghulqj gh ehwuhhqgh sdudphwhuv jhvfkdw grru
ddq wh qhphq gdw gh ghhoqhphu khw k|srwkhwlvfkh sdg nlhvw gdw kddu khw krrjvwh ohyhq0
vqxw }rx rsohyhuhq1 Prghoohq phw jhzrrqwhyruplqj eolmnhq vxshulhxu ddq prghoohq phw
lqwhuwhpsruhoh dgglwlhyh suhihuhqwlhv1 Gh vfkdwwlqj ydq gh lqwhuwhpsruhoh vxevwlwxwlh0
hodvwlflwhlw eolmnw ehkrruolmn urexxvw zdw gh yhuvfkloohqgh ddqqdphv ryhu jhzrrqwhyrup0
lqj ehwuhiw1 Hfkwhu/ gh frî!flîqw ydq uhodwlhyh ulvlfr0dyhuvlh yhudqghuw vxevwdqwlhho elm
dqghuh vshflfdwlhv1 Glw wrrqw khw ehodqj ddq ydq khw yhueuhnhq ydq khw yhuedqg wxvvhq
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gh lqwhuwhpsruhoh vxevwlwxwlh0hodvwlflwhlw hq ulvlfr0dyhuvlh lq lqwhuwhpsruhoh prghoohq1 Gh
ehodqjulmnvwh ehylqglqj ydq rq}h hpslulvfkh dqdo|vh lv gh yhuzhuslqj ydq lqwhuwhpsruhoh
dgglwlylwhlw1
Khw lv dojhphhq ehnhqg gdw phqvhq gh qhljlqj kheehq ulvlfr wh plmghq1 Krh jurwhu
kxq dinhhu/ krh jurwhu kxq yuddj qddu yhu}hnhulqj1 Eryhqglhq ehsddow ulvlfr0dyhuvlh rrn
gh yuddj qddu ulvlfryrooh ehohjjlqjvremhfwhq }rdov ddqghohq1 Wrw qx wrh lv hu hfkwhu
zhlqlj ehzlmv ydq gh krxglqj ydq lqglylgxhq whq rs}lfkwh ydq ulvlfr1 Krrigvwxn 6 rq0
ghu}rhnw glw phw hhq prgho gdw gh sruwhihxloohvdphqvwhoolqj ydq kxlvkrxghqv ehvfkulmiw1
Hhq ddqwdo yhuvfkloohqgh pddwvwdyhq ydq ulvlfrkrxglqj zrugw ddqjhzhqg/ lqfoxvlhi yud0
jhq ryhu nhx}hv wxvvhq rq}hnhuh frqvxpswlhvwurphq }rdov yrrujhvwhog grru Eduvn| h1d1
+4<<:, hq hqnhoh dg krf pddwvwdyhq1 Zh pdnhq jheuxln ydq phhughuh yudjhq xlw khw
FVV hq FhqwHUsdqho1 Khw FhqwHUsdqho/ jhvwduw lq 4<<4/ lv hhq rs lqwhuqhw jhedvhhug
whohsdqho1 Khw FhqwHU Vdylqj Vxuyh| }rdov klhueryhq ehvfkuhyhq lv hhq rqghughho ydq khw
FhqwHUsdqho/ ddqjh}lhq gh ghhoqhphqgh kxlvkrxghqv ydq khw oddwvwjhqrhpgh whohsdqho
whyhqv ghhoqhphuv }lmq ydq khw FVV1 Lq ihlwh ulfkwhq gh hqtxíwhv ydq khw FhqwHUsdqho
}lfk rs hhq jurwhuh ydulîwhlw ydq vxemhfwhq/ }rgdw lqirupdwlh xlw khw FVV ndq zrughq
jhfrpelqhhug phw dqwzrrughq glh grru gh}hoigh kxlvkrxghqv }lmq jhjhyhq rs dqghuh
yudjhq ydq khw FhqwHUsdqho1 ]rdov lq Eduvn| h1d1 +4<<:, hq Duurqgho +5333, zrugw
hhuvw gh lqglylgxhoh yduldwlh lq ulvlfr0dyhuvlh pddwvwdyhq jhdqdo|vhhug hq yhunoddug xlw
dfkwhujurqgnhqphunhq +}rzho remhfwlhyh nhqphunhq dov dqghuh vxemhfwlhyh pddwvwdyhq
ydq ulvlfrsuhihuhqwlh,1 Yhuyrojhqv zrughq gh jhphwhq ulvlfrkrxglqjhq yhuzhunw lq hhq
sruwhihxlooh0doorfdwlhprgho yrru kxlvkrxghqv/ gdw gh sruwhihxloohvdphqvwhoolqj yhunodduw/
uhnhqlqj krxghqg phw lqfrpsohwh sruwhihxloohv1 Zh erxzhq hhq vwuxfwxuhho prgho phw
hqgrjhhq zlvvhohqgh uhjlphv/ zdduelm hon uhjlph jhnhqphunw zrugw grru hhq }hnhu sdwurrq
ydq ddqghohqeh}lw1 Khw prgho khhiw wzhh frpsrqhqwhq= gh hhuvwh ehsddow khw uhjlph hq gh
wzhhgh ehvfkulmiw gh sruwhihxlooh0ddqghohq ydq yhuprjhqvwlwhov dikdqnholmn ydq khw uhjlph1
Rq}h uhvxowdwhq odwhq }lhq gdw gh pddwvwdi ydq Eduvn| h1d1 +4<<:,/ krhzho gh}h hhq vwh0
yljhuh edvlv lq gh hfrqrplvfkh wkhrulh khhiw/ zhlqlj yhunoduhqgh nudfkw khhiw/ whuzlmo dg
krf/ phhu lqwxòwlhyh pddwvwdyhq ydq ulvlfr0dyhuvlh ddq}lhqolmn ehwhu gh sruwhihxloohnhx}h
yhunoduhq1 Zh ehvsuhnhq gh uhghqhq ydq gh}h ehylqglqj1
Lq hhq uhfhqw duwlnho vfkdwwhq Mrkq W1 Zduqhu hq Vdxo Sohwwhu +DHU/ 5334, lqglylgx0
hoh glvfrqwhulqjvyrhwhq ydqxlw hhq nhx}h wxvvhq hhq dqqxòwhlw ri hhq oxps0vxp elmgudjh
elm hhq plolwdluh diyorhllqjvuhjholqj1 Xlw glw hhqyrxgljh h{shulphqw ylqghq gh dxwhxuv
}hhu krjh vfkdwwlqjhq ydq gh lqglylgxhoh glvfrqwhulqjvyrhw +wrw 63(,1 Lq krrigvwxn 7
dqdo|vhuhq zh hhq vrruwjholmnh nhx}h wxvvhq hhq dqqxòwhlw hq hhq oxps0vxp ndslwddors0
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wlh elm shqvlrqhulqj elm ]zlwvhuvh shqvlrhqirqgvhq/ khwjhhq ehvolvvlqjhq ryhu vxevwdqwlhho
jurwhuh ehgudjhq ehkhovw1 Gh hpslulvfkh dqdo|vh lv jhedvhhug rs hhq dg krf gdwdvhw1
Jhgxuhqgh khw dfdghplvfk mddu 533325334 zhug frqwdfw jh}rfkw phw flufd 453 jurwh hq
plgghojurwh ]zlwvhuvh shqvlrhqirqgvhq yld gh srvw phw hhq nruwh ehvfkulmylqj ydq khw
rqghu}rhnvsurmhfw1 Rqjhyhhu gh khoiw ydq gh jhdguhvvhhughq dqwzrruggh hq 48 ydq khq
zduhq ehuhlg jhjhyhqv wh yhuvwuhnnhq1 Zhjhqv gdwdehshunlqjhq hq dqghuh +whfkqlvfkh hq
rujdqlvdwrulvfkh, sureohphq nrq hhq jhjhyhqvehvwdqg ydq < ehgulmyhq glh/ }rzho sxeolhn
dov sulyddw/ dfwlhi }lmq lq glyhuvh ehgulmivwdnnhq zrughq vdphqjhvwhog1 Khw jhjhyhqveh0
vwdqg ehvwddw xlw 477< zdduqhplqjhq1 Zh ylqghq gdw shuvrrqolmnh nhqphunhq +}rdov
jhvodfkw/ kxzholmnvh vwddw/ shqvlrhqohhiwlmg/ ddqwdo nlqghuhq, elm gh nhx}h hqljv}lqv zrugw
ryhuvfkdgxzg grru dqghuh frpsrqhqwhq/ qdpholmn ehgulmivvshflhnh hhfwhq hq gh frq0
yhuvlhidfwru/ gdw lv gh idfwru zdduphh ndslwddo lq hhq dqqxòwhlw zrugw yhuwddog1 Lq whjhq0
vwhoolqj wrw gh uhvxowdwhq ydq Zduqhu hq Sohhwhu ylqghq zlm gdw gh glvfrqwhulqjvyrhw jhhq
hvvhqwlîoh uro vshhow elm khw yhunoduhq ydq gh lqglylgxhoh nhx}h1 Glw olmnw wh vxjjhuhuhq gdw
phqvhq/ dov }h qdqflîoh ehvolvvlqjhq qhphq/ nlh}hq rs edvlv ydq pdnnholmnh yduldehohq +lq
glw jhydo gh frqyhuvlhidfwru, lq soddwv ydq phhu jhfrpsolfhhugh hq yhumqgh yduldehohq1
Gh}h ehylqglqj ndq zrughq yhunoddug phw ehjuhqvgh udwlrqdolwhlw/ gdw gh ehshunwh frj0
qlwlhyh yhuprjhqv ehqdguxnw glh gh phqvholmnh sureohhprsorvvlqj ehshunhq1 Khw lghddo
ydq udwlrqhoh ehvoxlwyruplqj yhuhlvw hhq nhx}h glh hhq pddwvwdi ydq yhuzdfkw qxw ryhu dooh
hyhqwxdolwhlwhq pd{lpdolvhhuw1 Gh}h ddqqdph olmnw wh vwhun rp hhq qdxznhxuljh ehvfkul0
mylqj wh jhyhq ydq khw jhgudj ydq uhdolvwlvfkh lqglylgxhq glh gh hfrqrplh ehvwxghhuw1
Krrigvwxn 8 ulfkw }lfk rs gh uro ydq jhzrrqwhyruplqj elm lqglylgxhoh suhihuhqwlhv
phw ehwuhnnlqj wrw frqvxpswlh hq ehvsdulqjhq1 Lq glw krrigvwxn vfkdwwhq zh hhq prgho
jhedvhhug rs Dohvvlh hq Oxvdugl*v +4<<:, jhvorwhq0yrup rsorvvlqj ydq ehvsdulqjhq/ zddu
ehvsdulqjhq }lmq xlwjhguxnw dov ixqfwlh ydq ehvsdulqjhq lq gh yruljh shulrgh hq dqghuh uh0
juhvvruhq/ }rdov ohhiwlmg/ jhvodfkw/ rsohlglqjvqlyhdx/ jh}lqvfrqvxpswlh/ yhuzdfkwh hq jhuh0
dolvhhugh lqnrphqvyhudqghulqjhq1 Rq}h hpslulvfkh uhvxowdwhq/ jhedvhhug rs hqnhoh yudjhq
ydq khw FhqwHU Vdylqj Vxuyh|/ odwhq ehzlmv }lhq yrru jhzrrqwhyruplqj1 Gh}h frqfoxvlh
lv qlhw lq ryhuhhqvwhpplqj phw vrppljh hhughuh vwxglhv1 G|qdq +5333, hq Jxdujljold hq
Urvvl +5334, ylqghq qhjdwlhyh vfkdwwlqjhq ydq gh jhzrrqwhyruplqjvfrî!flîqw1 Kxq uh0
vxowdwhq nrphq ydq gh Hxohu yhujholmnlqj yrru frqvxpswlh lq soddwv ydq hhq jhvorwhq0yrup
rsorvvlqj1 Zlm ehdujxphqwhuhq gdw gh gdwd glh }lm jheuxlnhq lq kxq dqdo|vh ehwuhnnlqj
kheehq rs frqvxpswlh0xlwjdyhq +lq soddwv ydq ehvsdulqjhq,/ khwjhhq zdduvfklmqolmn phw
ddq}lhqolmnh irxwhq lv jhphwhq1 ]xonh phhwirxwhq }rxghq yhudqwzrrugholmn nxqqhq }lmq
yrru hhq vwhun luuhîoh qhjdwlhyh fruuhodwlh wxvvhq yhuvfkloohq lq kxlgljh +{f   , hq hhughuh
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frqvxpswlhqlyhdx*v +{f  U ¨ ,1 Elmjhyroj lv gh ROV0vfkdwwlqj ydq gh jhzrrqwhyruplqjvsd0
udphwhu  jhqhljg hhq qhjdwlhyh zddugh ddq wh qhphq1 Eryhqglhq lv hhq wzhhgh uh0
ghq rp gh jhvorwhq0yrup rsorvvlqj wh jheuxlnhq dov edvlv yrru khw hpslulvfkh prgho
gdw khw phhu lqirupdwlh ryhu khw jhzrrqwhyruplqj0prgho ehydw gdq gh Hxohu yhujholmn0
lqj1 Gddurp vwddw gh jhvorwhq0yrup rsorvvlqj hhq nudfkwljhuh whvw ydq gh ydolglwhlw ydq
khw jhzrrqwhyruplqj0prgho wrh gdq gh Hxohu yhujholmnlqj ehqdghulqj1 Yrruwv ylqghq
zh ehzlmv ydq hhq nruwh sodqqlqjvkrul}rq hq oltxlglwhlwvehshunlqjhq1 Phhu wkhruhwlvfk
rqghu}rhn olmnw qrglj rp gh jh}dphqolmnh lqyorhg ydq oltxlglwhlwvehshunlqjhq hq jhzrrq0
whyruplqj wh rqghu}rhnhq1
Vdphqydwwhqg/ lq gh phhvwh hpslulvfkh ehylqglqjhq ehvfkuhyhq lq glw surhivfkuliw
ehyhvwljhq gh gdwd gh yrruvshoolqjhq ydq khw udwlrqhoh0nhx}h prgho1 Hfkwhu/ zh ylqghq
vrpv rrn gdw ihlwholmn jhgudj +whq plqvwh jhghhowholmn, dizlmnw ydq }xonh yrruvshoolqjhq/
}rgdw gh ehshunwh udwlrqdolwhlw hhq ehwhuh yhunodulqj olmnw wh jhyhq yrru ihlwholmnh lqgl0
ylgxhoh ehvoxlwyruplqj= zdqqhhu nhx}hv ydq phqvhq dizlmnhq ydq gh ddqqdphv ydq gh
udwlrqhoh wkhrulh/ gdq glhqw hfrqrplvfk rqghu}rhn qddu ehvoxlwyruplqj frqfhswhq xlw dq0
ghuh glvflsolqhv ryhu wh qhphq glh hpslulvfk frqwud0lqwxòwlhyh ehylqglqjhq yhunoduhq1
